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REPORTS OF OBSERVATORIES, 1960-61 


llegheny Observatory, University of Pittsburgh, 
Pittsburgh, Pennsylvania 


Personnel. The staff remained much the same as 
e previous year. Beardsley received the M.S. degree 
om the University of Chicago. Henry E. Hegerle 
as appointed measurer-computer. 
Thaw Refractor. For the fourth successive year 
eather conditions kept plate production well below 
ormal. There were 1073 plates taken for the astro- 
etric programs. Hours of observations numbered 
92 on 102 nights which included 79 evenings, 54 
ornings, and only 31 nights when both evening and 
orning observations were possible. 
In the parallax program 515 plates were measured. 
bout half of these were for white dwarf stars and 
1 Cygni. This work was supported by the National 
ience Foundation. 
The first parallax of a faint white dwarf was com- 
leted. The star, Ross 808, magnitude 14.1, yielded 
parallax of +’019+”/006 from 50 plates contain- 
ig 98 images. The normal exposure was six min- 
es. Three other faint white dwarfs have been meas- 
ed—Ross numbers 137, 198, and 640. 
Computations on 95 plates of » Cas from 1933 to 
957 indicate it is a fine example of an astrometric 
nary with a period of 23 years and semiamplitude 
“16 in right ascension. This is one of the 31 re- 
ions measured by Bertha Grier Crissman and now 
sing made ready for publication. Mrs. Crissman 
ed in June 1960. 
Keeler Reflector. Stellar spectra are being taken 
the rate of about 1000 per year in the new pro- 
am with the one-prism Mellon spectrograph. The 
btal for last year was 275 during 267 hours on 73 
ghts. Twenty-eight test plates were taken. 
Numerous accessories, including a Hartmann test- 
g system, were constructed or acquired and in- 
alled on the telescope and spectrograph. Beardsley 
| continuing construction of an integrating exposure 
eter. 


Measurement of spectrum plates is underway. 
Tape standards for the measuring engine were de- 
duced from standard plates and a number of tapes 
ruled with apparatus devised here. 

Miscellaneous. Beardsley published “The spectrum 
of rho Cassiopeiae I” in the Astrophysical Journal 
Supplement No. 50. Beardsley led a team of eight 
amateur astronomers on two nights of Air Force 
sponsored high-altitude flare tests. 

Visitors on the Frick Public Evenings set a record 
for the past 20 years, as 5800 people were enter- 
tained on 189 nights. There were 1644 daytime visi- 
tors. About 40 students enrolled in two undergradu- 
ate courses. Kiewiet de Jonge taught a class of 39 
at Chatham College one semester. 

Work has been started on the conversion of the 
Burns spectrographic laboratory to an advanced op- 
tics workshop. This is a project of the Amateur 
Astronomers Association of Pittsburgh. Kiewiet de 
Jonge is serving as an advisor. 


N. E. Wacman, Director 


Amherst College Observatory. Amherst, Massa- 
chusetts 


Although listed under Amherst College, this report 
concerns four colleges associated in a joint astron- 
omy department. They are Amherst College, Mt. 
Holyoke College, Smith College, and the University 
of Massachusetts. A description of the department 
is in an earlier report (Astron. J. 65, 505, 1960). 

Staff. Howard has resigned from the University 
to accept an appointment at Mt. Wilson Observatory. 

Research. The following papers have been pub- 
lished or accepted for publication since the last report : 


Koch. 1961, “Times of minimum light for several 
eclipsing binaries,’ Astron. J. 66, 35. 

. 1961, “Departures from the Russell model in 
TX Ursae Majoris,” Astron. J. 66, 230. 

Linnell. 1961, “Atmospheric eclipses II,” Astrophys. 
J. Suppl. Ser. 6, 54. 
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Yoss. “Space and luminosity classifications and meas- 
urements of the strength of cyanogen absorption 
for late-type stars from objective prism spectra,” 
Astrophys. J. in press. 


Yoss spent six weeks in October and November 
at Mt. Wilson Observatory. He obtained a number 
of spectrograms of stars with weak CN absorption. 

Linnell spent five weeks at Kitt Peak National 
Observatory, during November and December. Pho- 
toelectric observations of RR Lyncis and RY Persei 
obtained during the visit cover segments of the 
periods. 

Koch spent six weeks during January and Feb- 
ruary at Steward Observatory. His photoelectric 
observations in three colors cover the light curves 
of AL Geminorum and 8 Librae. Discussion of 
these systems is now in progress. 

Howard has nearly completed an extensive statis- 
tical discussion of observations obtained with the 
magnetograph at Mt. Wilson Observatory. He has 
used the IBM 709 at the Massachusetts Institute of 
Technology in his study. Bruce Gregory has -been 
a part-time research assistant on this project. 

With support from the National Science Founda- 
tion, Yoss is continuing his study of weak CN stars, 
Koch and Linnell are developing computer pro- 
grams for the treatment of eclipsing binary light 
curves, Linnell is engaged in additional work on 
atmospheric eclipses, and Olson has initiated a. pro- 
gram, in collaboration with Koch and Yoss, whose 
objective is to obtain two-dimensional spectral classi- 
fications for selected eclipsing binaries. 

Equipment. Installation of a Spitz A-3P plane- 
tarium and 30-ft dome in the astronomy classroom 
at Amherst is complete. 

Instruction. Among the four institutions 181 stu- 
dents took introductory astronomy. Total enrollment 
in advanced courses was 43. Six astronomy majors 
received undergraduate degrees. 


ALBERT P. LINNELL, Chairman 


Chamberlin Observatory, University of Denver, 
Denver, Colorado 


Personnel. The director is now the only full-time 
member of the Observatory staff, devoting, however, 
four-fifths of his time to the teaching of mathematics 
and science in the University of Denver. The rest 
of the staff consists of student and graduate assistants 
who help in our research work and mainly in our 
popular programs for visitors. They are Henry D. 
Fiske, James Heinemann, John Low, Francis L. 
Ohmer, William R. Van Nattan, graduate assistants, 
and Robert Brant, student observer. 

_The Denver Astronomical Society meets monthly 
in the observatory building, assists in keeping up the 
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observatory equipment, and aids in large gro} 
demonstrations, such as the Mars shows conduct} 
this year in January. Their Moonwatch observil 
program was moved last year from the Denver Mj 
seum of Natural History to Chamberlin Observatoy 
and their satellite program reactivated in the fall} 
1960. A report of the early activities of the trar| 
ferred group appeared in our last annual repo 
continuing report follows: | 
Moonwatch Team. Report by Francis L. nl 
Denver Moonwatch Team leader. The chief pury P| 
and function of this group is to locate visually ar 
ficial satellites immediately after launching, to tral 
various ones from™time to time, to reaffirm their ¢ C} 
bits, to relocate satellites that have been temporar'| 
lost by the photographic tracking stations, and 
observe the re-entry into the earth’s atmosphere | 
any of the satellites. At present the team members 
totals about two dozen observers, all of whom a 
amateur astronomers. 
Observing sessions are possible any clear evenii 
or early morning. There are over 50 satellites in t} 
sky now and there are always some that are in’ 
favorable position for observation. ; 
In the past year this team has reported 751 ob 
vations to the Smithsonian Astrophysical Obsery 
tory, the controlling organization. of world-wi 
Moonwatch. During our banner month of Januat 
210 observations were reported, a greater numb 
than that reported by any other station in the worl 
Most of these observations were made with a 12 
inch Newtonian reflector, using 40-inch altitude ai 
azimuth circles. Readings of the observations to 
quarter of a second of time and a quarter of a degr 
of altitude and azimuth are desired. With the prese 
equipment this accuracy can be exceeded. The 
ing is done either by stop watch or tape recorder, § 
against WWYV time signals. | 
Another 12-inch Newtonian reflector is soon to’ 
put into use in the 10-ft dome of the Students’ O 
servatory, 200 ft southwest of the main dome. T) 
equipment is in the final stages of construction wi 
the small observatory cleared of most of its form 
instruments, and with a naval gun director furnish 
by Moonwatch headquarters, modified for mountit 
several telescopes in an altazimuth fashion. T. 
Walton 12-inch reflector, part of the original equi 
ment of the Students’ Observatory, will be the mz 
telescope supplemented by several. smaller pai 
small dome will also be equipped with a radio, ta 
recorder, and stop watches, soon ready for service. 
The present personnel will be organized into se 
eral smaller teams, each team observing only once 
week. In this way it is hoped that greater covera 
can be attained without overburdening anyone. 
The present battery of eight 6-inch Newtonian 1 
flectors with altazimuth mounts will be used f 


‘@earch work when orbits are too uncertain for 
Jurate predictions. With the present equipment 
}| the new facilities the Denver team hopes to 
‘k closer to the top. 

“)ecultation Program. This program was discon- 
jred in May 1957, when T. J. Bartlett left our 
1f. After repair of our chronograph by Van Nattan 
| Brant observations were resumed on March 22, 
))1 by Brant. Due to some instrumental difficulties 
‘S1, but mainly to unusually cloudy weather, only 
en occultations out of a possible 35 have been 
Served so far this year. 

“vomet d’Arrest. The study of the motion of this 
‘S\rt-period comet is still being continued by Recht. 
!-eport of progress was presented at the 89th Meet- 
of the American Astronomical Society at Boulder, 
lorado (Astron. J. 58, 225, 1953). The elements 
id to predict the return of Comet d’Arrest in 1950 
‘Shim 0.2 day in T have since been carried forward 
1957 and the osculating elements and ephemeris 
lished in the Harvard Announcement Cards of 
it period. The comet, in a very unfavorable posi- 
4, was not sighted, as at similar previous returns. 
search ephemeris is planned for the 1963 return of 
' comet, improved if possible by a best fit of the 
“Tir normal places of 1943 and the 10 normal places 
7 1950. Released teaching time has been granted 
‘the University of Denver for the continuation of 
‘T'se computations. 

“ Wars Shows. Because of the great popular interest 
‘the planet Mars, probably reactivated in 1938 by 
“son Welles in his production of /nvasion from 
ws, Chamberlin Observatory has made a practice 
showing the planet through the Howe 20-inch 
“Sark refractor to the general public since the favor- 
le return of 1939. Visitors numbering 14 367 have 
‘¥en entertained at special Mars shows in 1939, 
148, 1952, 1954, 1956, and 1958. This series was 
‘atinued in January 1961, with special showings, 
‘mg with Walt Disney’s color movie Mars and 
J yond, on 15 nights for 1625 visitors, conducted by 
’mbers of the Denver Astronomical Society under 
pervision by Van Nattan. To avoid standing in 
le in cold weather, reservations were made by 
lephone, effectively and faithfully handled by the 
Yunior members of the society. 

Programs for Visitors. Chamberlin Observatory 
$ continued its program of popular instruction and 
monstrations for visitors at full scale despite lim- 
'd staff, space, and facilities. Our program has prob- 
ly been the most ambitious of any observatory in 
e country, for we have scheduled complete 2-hr 
Ows to visitors on public nights regularly since 
126; in the past seven years the annual average has 
‘en 8000 visitors. A typical night program for 70 
Sitors, operating alternately in two groups, one at 
e telescope and the other downstairs, consists of 


t 
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four celestial objects shown through the Howe 20- 
inch refractor, a slide lecture, and a demonstration of 
the Spitz Junior School Planetarium, in addition to 
the showing of astronomical exhibits, and the presen- 
tation of Walt Disney’s color movie Man in Space, 
and on cloudy nights Canadian National Film Board’s 
prize-winning film Universe. 

Many daytime groups are also scheduled, usually 
showing Venus, a bright star, and the sun with the 
large refractor, besides the slide lecture, planetarium, 
and movie shows. During the 32 years of record the 
observatory staff has entertained 137515 visitors in 
day and night groups at the observatory proper. 
There have been another 62951 persons in outside 
audiences at 608 talks given by members of the 
Chamberlin Observatory staff. 


ALBERT W. ReEcuHT, Director 


Dearborn Observatory, Northwestern University, 
Evanston, Illinois 


Personnel. The staff during the year consisted of 
Dr. J. A. Hynek, Dr. Karl Henize, William White, 
on leave from the Naval Ordnance Test Station, 
Astronomer-Observer, Project Star Gazer, Robert 
Onley, Engineer, and Philip Morin, Senior Tech- 
nician, also of Project Star Gazer; Richard Aikens, 
Chief Technologist, William Powers, Senior Tech- 
nologist, and Jakob Wohn, Technician, Image Con- 
version Project; John Kusner, Instrument Maker ; 
Mrs. Catherine Rymer, Research Assistant and 
Walter Weller, Graduate Teaching Assistant. George 
Barton was appointed Resident Director of the Organ 
Pass Station of the Dearborn Observatory at Las 
Cruces, New Mexico, Raymond Woo served as Ob- 
servatory Administrator, with special reference to 
sponsored research. 

Research. Two principal Observatory Programs 
were initiated, one in Balloon Astronomy, Project 
Star Gazer, sponsored by the U. S. Air Force, Cap- 
tain Joseph Kittinger Flight Director and Pilot. 
The stabilization gear for the 12-inch Cassegrainian 
telescope mounted atop the manned gondola has been 
constructed at the M.I.T. Instrumentation Labora- 
tory, under the direction of Dr. Winston Markey. 
The year was spent in construction and assembly of 
gear and in unmanned flight tests, looking toward 
manned flights in 1961-62. 

The second Observatory program concerns the 
study of the application of image conversion tech- 
niques to astronomical problems. The 18-inch Dear- 
born refractor has been equipped with an image 
orthicon system and an exploratory program under 
the sponsorship of the U. S. Air Force is in progress. 
Another phase of the photoelectric imaging program 
is being carried out at the new Organ Pass Station 
of the Dearborn Observatory at Las Cruces, New 
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Mexico. This station and its program is sponsored 
by the George C. Marshall Space Flight Center of 
NASA. The program has been concerned with the 
tracking of asteroids. The station is equipped with 
a 12-inch reflector and image orthicon system inte- 
grally mounted, and was dedicated on April 7, 1961. 

Henize completed the reduction of the objective 
prism spectrum plates of the Michigan-Mt. Wilson 
southern Ha survey which was carried out by Henize 
in South Africa some years ago. This has led to the 
discovery of a large number, about 2000, of new 
emission-line objects including more than 100 new 
planetary nebulae. The full catalogue of results is 


now nearly ready for publication. To continue these- 


particular researches Henize will spend the next year 
on a leave of absence at the Mt. Stromlo Observa- 
tory, Canberra, Australia, under contract with the 
Office of Naval Research to investigate in greater 
detail the most interesting of these objects. “S-stars 
South of Declination —25°,” a paper presented to the 
AAS at Mexico City, and “Seven New Planetary 


Nebulae,” Publs. Astron. Soc. Pacific, April, 1961, 
were authored by Henize. 
Instruction. Courses in general astronomy, celes- 


tial mechanics, astrophysics, and spherical astronomy 
were offered during the year. 

General Service. Henize acted as coordinator for 
the Midwest for the Visiting Professor Program of 
the AAS and was elected a member of the Com- 
mittee on Education of the Society. Hynek com- 
pleted his sixth and final year as Secretary of the 
American Astronomical Society. Open Houses for 
public instruction were regularly held on the first 
and third Fridays of each month. 


J. ALLEN Hynex, Director 


Dyer Observatory, Vanderbilt University, Nash- 
ville, Tennessee 


Personnel. During the year ending June 30, 1961, 
the observatory staff consisted of Dr. R. H. Hardie, 
Acting Director; Dr. W. G. Tifft, Research Asso- 
ciate; J. H. DeWitt, Research Associate. Dr. A. 
Blaauw, Director of the Kapteyn Astronomical Lab- 
oratory was Visiting Professor under the AAS 
Foreign Visitors Program during the period be- 
tween March 1 and June 6. R. M. Cameron was 
appointed as Chief Observatory Assistant on Feb- 
ruary 1. Mrs. V. Tomlinson was appointed Observa- 
tory Librarian on a part-time basis. Mrs. P. Hudgens 
continued to serve as part-time secretary. Persons 
who have assisted at various times during the year 
have included: Mrs. C. Seyfert, Miss P. Bautz, 
W. Brown, E. De La Rosa, .H. Gray, M. Hetzler, 
M. Snowden, and C. R. Tolbert. Much of the Ob- 


servatory’s instrumental construction and design 
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i) 
work has been carried out by C. M. Ballard | 
B. F. Moore. H. Koster completed the requireny 
for the M.S. degree. q 

In September 1961, Dr. Tifft will leave to] 
the staff of the Lowell Observatory. His conti 
tions to the Dyer Observatory have been valujy_ 
and his voluntary teaching of a course in gall, i 
structure in the unanticipated circumstances fol 
ing Dr. Seyfert’s death was carried out with che} | 
teristic thoroughness. The position which he | 
vacate will be filled by Dr. A. M. Heiser. q 

Mrs. Patricia Hudgens will also leave during}f 
summer of 1961, after three years of faithful se fe 
tothe Observatory, to take up residence in | 
Moines, Iowa. The position of part-time secre} 
which she leaves will be filled by Mrs. Manel 
Hamm. is 

The undersigned has agreed to serve as Ditel Np 
as of July 1, 1961. | 

Research. A comprehensive review of the ej 
data bearing on the calibration of stellar luminos 


particularly of the B= stars, was undertaken } 


torial work for volume 5 of the same compendi] 
and a series of lectures on special topics in curt 
galactic structure research also absorbed much} 
Blaauw’s attention. aa 
Tifft continued his studies of the globular clu 
NGC 121 in the Small Magellanic Cloud using P| 
tometric data previously obtained at the Mo 
Stromlo Observatory. The reductions of this d 
were completed by means of several programs dey 
oped to carry out iris-diaphragm photometry r 
tions with the IBM 650 computer at Vander 
University. This work has resulted in a calibrat 
of the cluster-type variables for the SMC halo ( 
=19.6) and in the identification of a stellar co 
ponent which can for the first time be very nm 
compared with the Galaxy. A paper on this mater 
is in preparation for publication. ce 
DeWitt has continued to investigate the appli 
tion of television techniques to astronomy., Equ 
ment was tested, in collaboration with Tifft, on ‘ 
24-inch Dyer telescope at the Cassegrain focus. } 
merous photographs were taken of star fields, ¢ 
ters, and nebulae. An image orthicon with a trialh 
photocathode and a long-storage magnesium-ox 
target showed significant gains over photograp 
plates which led to further tests on spectrosco 
equipment at Lowell Observatory. The Morgan - 
inch reflector was used both for direct and spect 
tests. A satisfactory spectrum was obtained of a / 
mag. K star in an exposure time of 10 minutes w 
a dispersion of 25 A/mm and normal wideni 
With the apparatus at the direct output of the f 
beam of the 24-inch reflector, stars of 19.5 vis 


‘Piitude in M13 were recorded in 100 sec ex- 
‘jire time. 

ardie, De La Rosa, and Tolbert have compiled 
Wt of pairs of stars taken from the Bright Star 
Hlogue in the zone between +10° and —10° 
‘nation all around the sky, suitable for an inves- 
jion of the second-order extinction term in the 
1B color index. While experience has shown that 
‘ear expression dependent on color index is ade- 
je in the B—/ range, a similar result is not 
‘din the U—B range. Observations of a sufficient 
‘ber of these relatively close pairs of various 
+ rs are planned to investigate this more fully. At 
‘same time standard U,B,l’, values will be deter- 
#:d so that these stars will be well suited as 
dard and extinction stars. 

-tudies of the ultrashort-period variable star CY 
)arii were continued by Hardie and Tolbert and 
isfactory observing technique was found for meas- 
g two colors at a time in spite of the rapid varia- 
in brightness of the star. Color-index measures 
iting from these concurrent measures were found 
}be more reliable than those measured a year 
ier owing to a slight tendency toward nonrepeti- 
‘ness among the cycles. As a result of these im- 
ved measures, it was found that the colors of the 
are close to those of main sequence stars in 
range A6-F1, and that it was possible to make 
intative estimate of the radius of the star (about 
10° km) by applying Wesselink’s method. 
‘urther studies of the ultrashort-period star DY 
asi have been made by Tolbert, who has investi- 
ad the constancy of the period over 100 000 cycles. 
> analysis shows no apparent deviation from a 
‘stant period of 0.072926375 day. An attempt to 
‘mate the radius, making use of Bidelman’s radial 
cities, has been unsuccessful. Further work on 
} star is anticipated to clarify this matter. 
Uhree-color observations of the eclipsing system 
[ Lacertae were secured in the fall of 1960 to 
aplete a series started several years ago by Hardie 
the Lowell Observatory. Reductions have been 
ried out and analysis of the data is in progress. 
instrumentation. A Becker iris-photometer has 
i ordered from Askania Werke. It is expected 
arrive early in 1962. 

The 24-inch telescope has been slightly modified to 
‘mit the obtaining of high-quality Cassegrain pho- 
‘raphs suitable for photometry. Sky-shield light 
fles, designed by Tifft, have been installed and a 
uble slide plateholder with a guiding microscope 
t into operation. Four plate-holders were con- 
ucted; and standard U,B,V’, filters purchased. The 
aipment is ideally suited to photometry on clusters 
d compact associations, as a large area (1000 sec 
diameter) in the focal plane is unvignetted and 
e from direct skylight. 

\ 
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All the reflection optics of the 24-inch telescope 
were removed for realuminizing. Very satisfactory 
Beral coatings were deposited by L. M. E. Clausing 
of Skokie, Illinois. While the optical parts were 
removed, opportunity was taken for a general over- 
haul and repainting of the telescope. Several venti- 
lating holes were cut in the tube close to the position 
of the primary mirror; permanent screens and re- 
movable covers have been provided. A complete re- 


' wiring of the telescope was done in order to provide 


for the many additional cables which will be called 
for in the near future when automatized accessories 
will be used. A large channel conduit was installed 
through the dome floor running from the telescope 
pier to the dome wall, where most of the control 
circuits will be located. It is large enough to take 
care of virtually any future needs. 

Some progress in other instrumentation was made. 
Additional photomultiplier housings, incorporating 
some improvements in thermal insulation, were con- 
structed and are now near completion. These are 
designed for various types of photomultipliers includ- 
ing some sensitive in the near infrared. 

While no additional work was possible on the 
simultaneous multicolor unit during the year, several 
pieces of commercial equipment necessary for its 
ultimate use were secured. These will permit the 
data from the photometer to be punched directly on 
cards. The apparatus, supplied by the Dymec Divi- 
sion of Hewlett-Packard, converts the output of the 
photometer amplifiers or integrators to a frequency, 
and the corresponding pulses in a precisely controlled 
time interval are counted by a counter. The counter 
then provides the digitized reading for the IBM card 
puncher. While this method may appear at first sight 
needlessly indirect and elaborate, it has distinct ad- 
vantages over methods using a digitized voltmeter or 
a resolver on a recorder machine: It is more eco- 
nomical, precise, and dependable. 

De La Rosa, Ballard, and Moore constructed two 
frequency changer devices for Yerkes and Warner 
and Swasey Observatories, essentially similar to that 
in use at this observatory. They incorporated some 
improvements in the mechanical operation and a 
gear-shifting mechanism. 

Physical Plant. A permanent water line has been 
provided to supplement the rain water collected in 
a cistern at the observatory. The supplementary wa- 
ter supply from a nearby valley is provided from a 
well through the kindness of Calvin Houghland. 

With the installation of a channel conduit under 
the observing floor, a new ceiling in the lobby was 
installed, and the lobby was accordingly redecorated. 
Plans to obtain further office and work space are 
being studied. Some improvements in shop and office 
facilities were secured during the past year. An over- 
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hauling of the planetarium projector by Mr. Ballard 
is in progress. 

Miscellaneous Activities. A pamphlet describing 
the observatory and its work is being prepared by 
Hardie in cooperation with R. A. McGaw, Director 
of the Information and Publications Office of Van- 
derbilt University. It is anticipated that it will be 
completed and ready for distribution within the 
coming year. 

While he was in this country, Blaauw visited 
numerous observatories and delivered lectures or 
colloquia at Flower and Cook Observatories, Indiana 
University, Princeton University, U. S. Naval Ob- 
servatory, University of Tennessee, Warner and 
Swasey Observatory, and Yerkes Observatory. In 
addition he also participated in two conferences: the 
Institute for Advanced Study Conference on the 
Motion and Dynamics of the Interstellar Gas in 
April, 1961 and the Symposium on Radio Astronomy 
held at Greenbank in May 1961. 

During the summer of 1960, Hardie attended the 
N.U.F.F.1.C. course on galactic structure offered at 
Neyenrode Castle in the Netherlands. Tifft and 
Hardie presented papers at the Ohio Neighborhood 
meeting held at Bloomington in October 1961; 
Hardie attended the Cleveland meeting in April 1961 
of the same society; and Tifft attended the Nan- 
tucket meeting of the AAS in June 1961. 

During the academic year, the Barnard Astro- 
nomical Society continued to meet at the observa- 
tory. In addition, special groups of visitors attended 
lectures and demonstrations at the observatory. 
These included, among others, a number of summer 
institutes for science teachers from various universi- 
ties and colleges. In all, about 1200 persons visited 
the observatory. 

Visitors from other observatories included: Dr. G. 
Bakos, Smithsonian Astrophysical Institute; G. Bar- 
ton, Organ Pass Station of Dearborn Observatory ; 
Dr. V. M. Blanco, Warner and Swasey Observatory ; 
Dr. D. L. Crawford, Kitt Peak National Observa- 
tory; Dr. K. Strand, U. S. Naval Observatory; 
Dr. H. Urey, University of California. 

Acknowledgments. The observatory library has 
benefited from an endowment fund generously con- 
tributed in memory of Dr. Carl Seyfert. 

The library also received gifts presented in mem- 
ory of Robert Hardie, Sr., the father of the under- 
signed, who died suddenly in May 1961. 

The observatory acknowledges also a gift of Miss 
Mary Calvert of Nashville comprising many valuable 
slides, notes, papers and biographical data formerly 
belonging to her uncle, Professor E. E. Barnard. 

Several small telescopes have been generously 
donated to the observatory by the Criterion Manu- 
facturing Company, Edmund Scientific Company and 
the Skyscope Company. 
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The Eastman Kodak Company, hone the 1 
ness of Dr. W. Swann, donated an enlarged ( Wl 
transparency of stellar spectra as a tribute to} 
Seyfert. The color photograph from which it} 
made was one of the earliest astronomical qj 
photos ever taken, and was made by Dr. Sey) 
with the cooperation of Dr. J. J. Nassau, some yjy 
ago with the Schmidt telescope of the Warner jf). 
Swasey Observatory. This transparency and \ 
of the above-mentioned gifts are on display in|e 
eta bd eh lobby. 


Committee of Vanderbilt Uaveiel Work spt 
sored by an earlier Research Corporation grantj 
still in progress. The American Astronomical Soci} | 
and the National Science Foundation made possil) 
Dr. Blaauw’s Visiting Professorship. To all contri} 
tors the observatory is pleased to record its gratitul 

Publications. During the year 1960-61, the { 
lowing papers have ee 


fert, and I. S.\ Gulledge. Astrophys. J. 132, 
1960. 
A. J. Dyer Reprint No. 14. “Teese color —— 


norum Saco al ne R H Hardie, C. : 
| 


of DY Herculis” by R. H. Hardie and S. H 
Astrophys. J, 133, 71, 1961. 
A. J. Dyer Reprint No. 15. “A study of the 
Scorpii association” by R. H. Hardie and Dy 41 
Crawford. Astrophys. J. 133, 843, 1961. 

A. J .Dyer Reprint No. 16. “HB Photometry, for # 
association I Lacertae’ by D. L. Crawfal 
Astrophys. J. 133, 860, 1961. 

A. J. Dyer Reprint No. 18. “Carl Keenan Seyfi 
(1911-1960)” by R. Lagemann. J. Tenn. Acal 
Sét. 36, 22 1961. . 


The following papers are in press: 


“Three-color photometry of CY Aquarii” by R 
Hardie and C. R. Tolbert. Astrophys. J. 
(Sept), 1961. q 

“Carl Keenan Seyfert” by R. H. Hardie. Quart. 
Roy. Astron. Soc. 2, 1961. 


Ropert H. Harvie, Direct 


ersity of Florida Radio Observatory, Uni- 
‘sity of Florida, Gainesville, Florida 


n| 

v 

trsonnel. The Observatory staff during the year 
fp sted of Dr. Alex. G. Smith, professor of physics, 
»(. D. Carr, associate professor of physics, Paul 
Bing, technician, and Mrs. Barbara McCollough, 
‘tary. Neil Chatterton, Robert Leacock, Frank 

» and John White were employed as graduate 
_ * rch assistants, and Richard Flagg, Spyros Ma- 
+ ras, and David Newlands as undergraduate as- 

* its. Other graduate students participating in the 

\ram were Frank Hankey, Thar Hiaing, Arthur 

‘rde, and Raymond Watson. 

‘eins Bollhagen, Jorge Levy, and Jorge May 

ated the southern hemisphere station at Maipt, 

b:, with administrative assistance from Dr. Fede- 

© Rutilant. This station is maintained in coopera- 
© with the University of Chile, through a grant 
~ | the National Science Foundation. 

_ strumentation. Watson and White completed the 
) stment and testing of the 22.2-Mc lobe-switching 
 @iferometer, and White modified the two 32- 
“\ent arrays of the instrument so that they can 
sily be steered in altitude. The two 27.6-Mc Yagi 
funas long used by the Observatory were re- 
| nted on equatorial tracking mounts controlled in 
; ing by selsyns operated from the observer’s con- 
9. H. W. Schrader, departmental research as- 
Hint, supervised the design and construction of 
| system. Chatterton designed and constructed a 

‘tributed amplifier which increased the sensitivity 

She swept-frequency receiving system to the point 
4 re Jupiter bursts of very odeat intensity can 
“ir be recorded. Six, Plourde, and Magliveras pro- 
sumed the Jupiter data reduction, including the 
Sr and geophysical correlation studies, for the 
wt 650 computer in the peuversity Statistical 

oratory. 

‘\t the Chilean station, 5- and 15-Mc broadside 
| uys were added to the instrumentation. The origi- 
4 fixed 18-Me arrays were replaced by two ne 

nent broadside arrays which automatically ones 

planets by means of a motor-driven phasing de- 

2; these arrays can be ted jointly as a total- 
iver interferometer. Similar steering devices, man- 
ly operated, have been added to the 10-, 15-, and 
)Mc broadside arrays. In December a grass fire 
naged most of the transmission lines at the station, 
‘essitating extensive replacements and repairs. 
jt is a pleasure to acknowledge the assistance of 
‘Army Research Office (Durham), The Office of 
wal Research, and the National Science Founda- 
n in supporting the work of the Observatory. 
Scientific Program. The major interest of the ob- 
‘vatory continues to be in the long-wavelength 
sradic radiation of the planets, principally Jupiter. 
ghtly observations were made of Jupiter through- 
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out 1960, up until September 12, at frequencies rang- 
ing from 10 to 27.6 Mc. Observations of the 1961 
apparition began on February 1 and are continuing 
at both the Florida and Chilean stations at the time 
of writing (July 21). During June, July, and August 
additional southern hemisphere observations are be- 
ing made by Carr at the Radiophysics Laboratory 
of the Commonwealth Scientific and Industrial Re- 
search Organization at Sydney, Australia. 

Statistical studies of the occurrence of Jovian 
outbursts were carried out by Carr, Smith, Plourde, 
and Six. During the past three years radiation has 
occurred most frequently at 18 Mc and, averaged 
over periods of several months, the frequency-of- 
occurrence has shown an inverse correlation with 
sunspot number. Individual Jovian noise storms, on 
the other hand, seem to be positively correlated with 
solar and geophysical activity. Carr and Leacock 
made a statistical analysis of the polarization data 
for possible differences in the radiation from the 
several sources which seem to be present on the 
planet. The rotational period of the sources was 
redetermined by Smith, who is also comparing bursts 
received in Florida with those recorded simultane- 
ously in Chile to determine to what extent the indi- 
vidual pulses are formed or modified by the terres- 
trial ionosphere. Over 3000 ft of film showing spectra 
of these pulses has been obtained and analyzed by 
Chatterton. Data on the 1960 apparition were sup- 
plied to J. V. Jelley at the University Observatory, 
Oxford, and to D. J. Taylor of Washburn Observa- 
tory for correlation with photoelectric observations 
of Jupiter being made at those observatories. 

Observations of Mars were conducted at 18 Mc 
during a six-week period around the opposition of 
the planet in December of 1960. No sporadic radia- 
tion was detected. White used the 22.2-Mc inter- 
ferometer to search for rf pulses correlated with 
visual sightings of meteors. The results were con- 
sidered essentially negative, although out of a total 
of 85 sightings of meteors on favorable trajectories, 
three “suspicious” events were recorded. 

Publications of the Observatory during the year 
include : 


“Observations of radio noise storms on Jupiter dur- 
ing the 1960 apparition” by Carr, Smith, Chatter- 
ton, Six, and Bollhagen. Astron. J. 65, 485, 1960. 

“Evidence for the solar corpuscular origin of the 
decameter-wavelength radiation from Jupiter” by 
Carr, Smith, and Bollhagen. Phys. Rev. Letters 5, 
418, 1960. 


“Recent decameter-wavelength observations of Jupi- 


ter, Saturn, and Venus” by Carr, Smith, Boll- 
hagen, Six, and Chatterton. Astr ophys. J. 134, 
105, 1961. 


“Radio spectrum of Jupiter” by Smith. Science 134, 
587, 1961. 
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‘Solar stimulation of the decameter-wavelength radi- 
ation from Jupiter” by Smith and Carr. Bull. Am. 
Phys. Soc., in press. 

Spectral distribution of the decameter-wavelength 
radiation from Jupiter” by Smith, Carr, Chatter- 
ton, and Bollhagen. J. Geophys. Research 66, 
2561, 1961 (abstract). 

“A comparison of Jupiter’s radio sources with its 

visible markings” by Smith and Carr. J. Fla. 

Acad, Sci., in press. 


Instruction. During the year the following gradu- 
ate theses and dissertations were completed by stu- 
dents working in the Observatory program: 


“Spectral characteristics of the radiofrequency out- 
bursts of the planet Jupiter” by N. E. Chatterton 
(Ph.D., June 1961). 

“Correlations of radio and photometric observations 
of Jupiter” by F. A. Hankey (M.S., August 
1960). 

“Statistical investigation of the occurrences of radio 
noise emission from the planet Jupiter” by A. J. 
Plourde (M.S., August 1960). 

“Design and construction of a phase-switching radio- 
frequency interferometer” by R. C. Watson (M.S., 
August 1960). 

“Calibration and application of a radiofrequency 


interferometer” by J. E. White (M.S., June 1961). 


In the fall of 1960, 15 students enrolled in the 
astrogeophysics course taught by Smith as part of 
the joint program in astronautics offered by the 
departments of Physics and Aeronautical Engineer- 
ing. John Haynes and Ross Miles assisted the Ob- 
servatory staff during the summer of 1961 as mem- 
bers of the National Science Foundation Summer 
Research Participation Program for 


Secondary 
School Students. 


ALEX. G. Situ, Director 


Georgetown College Observatory, Washington, 
DAC: 


Academic Work. As the Department of Astronomy 
for Georgetown University, the Observatory gave 
doctorates i in Astronomy to Dion Scott Birney, now 
at the University of Virginia, Sidney Edelson, who is 
employed in the Radio Astronomy Division of the 
Naval Research Laboratory, and to Harvey W. 
Banks, who remains with Georgetown Observatory 
as a post-doctoral fellow for the coming year. A 
master’s degree was given to William Bozman, who 
is employed in the Spectroscopy Division of the 
National Bureau of Standards. There were 52 undet- 
graduate students, of whom two are registered as 
astronomy majors, and 32 graduate students. The 
courses in both undergraduate and graduate schools 
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were taught by Dr,-C. C. Kiess, Dr. Vera C: 
Dr. J. de Kort, S.J. and Dr. Francis J. Heyde 
Research Projects. In the field of spectroscopy) 
Kiess has continued his observations of high dis} 
sion spectra of the planets Jupiter and Venus. Fi). 
to make laboratory studies of the absorption 
reflectance spectra of the oxides of nitrogen wit iy 
large Littrow spectrograph during the coming . 
have been made. A. Kiasatpoor of Iran and Kak: 
of India have been making observations of the 
spectrum with the large Wadsworth spectrograp)) 
continue the investigations on faint lines in the s 
spectrum that have been carried out at Georg 
for the past eight years. George Coyne, S.J 
been taking high dispersion spectrograms of vari 
features on the moon which he is comparing yj 
carefully made calibrations on the microdensitomel: 
The thesis projects of Bozman and Banks com 
an extensive redetermination of the spectrum|| 
titanium 1 from 3000 to 9000 A. Whiting Willaj 
is now working on the spectrum of titanium 1 WI 
the data and tables prepared by Bozman and Bar} 
A group of students from the Physics Depar 
have begun studies of the molecular bands of yttri 
oxide and the spectrum of zirconium 1. The 
trodeless lamps are being used for this work. 
In the field of precise measurement the Ob: 
tory has continued collaborating with the Reseai} 
and Analysis Section of the Army Map Servic 
provide the exact positions of a series of lunar er 
for a new map of the moon. Measurements have | 
made on photographs that were made at Lick 
servatory and loaned to the Army Map Service 
this purpose. The first phase of this project has | 
completed. 
Efforts to obtain observations of flares Grell 
rockets were unsuccessful during the past 
Twenty-two observatories along the eastern p 
the United States participated in this project “hh 
the Air Force Cambridge Laboratories. Fail 
were due not to the equipment of the volun 
observers but to the rockets and flare mechani 
The aim of the project is practical use of such 
for geodetic purposes. The volunteer observers 
found that the countdown for a simple flare test 
be as tiring as any satellite launching with delays 
3 to 4 hr. It was to be Georgetown’s task to meas 
the positions of these flares against star fields, - 
this part of the project has not yet been activat 
Mrs. Rubin has done a considerable amount 
computational work in collaboration with Dr. 
Vaucouleurs on the brightness of galaxies. 7 
project will continue during the coming year. 
Equipment. Two new pieces of equipment he i 
been under construction during the past year. 
new microdensitometer has just been completed 4 
is being used by three groups for spectroscopic wo 


| 4 now be possible to include measurements of 
“aintensities in tables of spectroscopic data that 
Ye published in the future. The second instru- 
» an interferometer with two-inch plates, was 
Jed from completion for some months because 
je difficulty in locating the necessary pieces of 
|. This instrument is expected to be ready for 
iby September. A new photographic plate holder 
| photoelectric photometer for the 12-inch equa- 
_are also under construction but will not be 
4 for some months. 

ntracts. The Observatory has had two contracts 
|the Army Map Service; one for the measure- 
of the photographs of the moon, and the other 
‘Phe measurement of Minitrak tapes. This latter 
* ct provided financial aid to graduate and under- 
ate students. There was one contract with the 
Force Cambridge Laboratories for the prepara- 
of three studies on the physical ‘characteristics 
e moon and the planets, geomagnetism and space 
ence systems, and for coordination with other 
ryatories for the observation of flares. There was 
‘contract with the Army Laboratory at Fort Bel- 
“9 for high dispersion observations of the planets 


‘ints of Series II (Nos. 6, 7, and 8) to 450 ob- 
®vatories and libraries with which it exchanges 
» lications. < Sa : 
: _ Francis J. Heypen, S.J., Director 


jethe Link Observatory, Indiana University, 


| sloomington, Indiana 


| *ersonnel. Dr. Goethe Link (Honorary Director), 
))fessors Frank K. Edmondson (Director), John 
} Irwin, and Marshal H. Wrubel, Associate Pro- 
or James Cuffey (Assistant Director) and Lec- 
er Benjamin F. Peery, Jr., comprised the resident 
|demic staff. 

Jr. (Mrs.) Dilhan Ezer and Dr. A. M. J. Gehrels 
re Research Associates. 

Mrs. Beryl H. Potter and Mrs. Delores J. Owings 
re full-time Research Assistants, and Mrs. Andree 
jamalberger was a part-time Research Assistant. 
*s. Nancy J. Huber served as Secretary. Part-time 
Be tial services were performed by Mrs. Jane 
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Allen, Miss Barbara Kidd, and Mrs. Constance 
Hamilton. 

The following students were part-time Teaching 
and Research Assistants: Willet I. Beavers, Kath- 
erine Bracher, Nancy Davis, John H. Evans, Choko 
Fujita, Richard C. Hall, Elizabeth Lynn Hallgren, 
William T. Hughes, Melvin S. Kalish, David S. 
King, Arlo U. Landolt, John S. Lang, Mrs. Adelina 
Gutierrez Moreno, Sam Pellicori, Vern L. Peterson, 
Robert E. Samuelson, Yervant Terzian, S. S. Varma, 
Peter A. Wehinger, Frederick R. West, Jr., H. John 
Wood, and Kyung Loh Yu. 

David Fischel held the Swain Fellowship and Jon 
A. Stewart held a University Fellowship. Donald C. 
Schmalberger held a National Science Foundation 
Pre-doctoral Fellowship. 

Marion Todd continued as Instrument Maker, 
and James Orr as Caretaker at the Goethe Link Ob- 
servatory. Paul Flores and Diane Rief served as 
part-time draftsmen. 

Research. Cuffey’s photometric study of NCG 5466 
appeared in Astron. J. 66, 71, 1961. His investigation 
of NGC 7492 was scheduled to appear in the June, 
1961 Monthly Notices of the Royal Astronomical 
Society. Work on NGC 2158, NGC 6838, and M38 
was all in manuscript form. A study of a bright vari- 
able in NGC 5466 was completed with the aid of 
high school students who were attending a summer 
institute sponsored by the National Science Foun- 
dation. 

Cuffey had three dark runs at the Mt. Wilson 
Observatory during March, April, and May. He 
worked with the 100-inch reflector in March and 
May, and with the 60-inch reflector in April. Three 
hundred and fifty plates of the globular cluster M53 
were obtained for an intensive study of variable stars. 

Measurement of Edmondson’s faint-star spectra 
was continued by Peter A. Wehinger. He also re- 
organized the IBM card file of the Mt. Wilson Radial 
Velocity Catalogue so that selected stars from this 
catalogue can be analyzed using the same program 
which has been set up for the faint stars. 

Mrs. Ezer applied the method of finite differences 
to the differential equations of stellar structure, using 
the IBM 650 at the Indiana University Research 
Computing Center. The program was first used to 
obtain a wholly radiative model, then modified to 
take convection into account. The method was ap- 
plied to a red-dwarf model and it results in satis- 
factory agreement with Osterbrock’s earlier work. 

Gehrels continued his program of polarization 
studies on planets and reflection nebulae using six 
filters in the wavelength range between 3250 and 
9900 A. Observations were made with the McDonald 
82-inch reflector in August, and with the Goethe 
Link Observatory 36-inch reflector throughout the 
year. Two papers on the wavelength dependence of 
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polarization were published in the Astronomical 
Journal. Papers on the sunlit blue sky and on Venus 
are nearly completed. Assisted by Teska, Gehrels 
made a start with the design of polarimeter instru- 
mentation for the 1964 Mars probe. Gehrels also 
made a balloon flight for testing and training pur- 
poses, sponsored by the Office of Naval Research. 
A full day was spent at an altitude of 6000 ft. 
Irwin completed a revision of an article entitled 
“Orbit determination of eclipsing binaries” for vol- 
ume 2 of the Kuiper compendium on stars and stellar 


systems. The revision includes tables for half-dark- 
ened (x=0.5) stars. He also completed a 73-page 
paper on “Southern C epheid photometry,” published 


as Astrophysical Journal Supplement No. 58. Ex- 
tensive tables have been completed for another paper 
entitled ‘“Tables of least squares coefficients for visual 
binaries and other binary star tables.” 

Peery, assisted by West, devoted a great deal of 
time to putting the Link Observatory Newtonian 
focus grating spectrograph into first-class adjust- 
ment. The instrument performs beautifully as a result 
of this work, with excellent definition from 3750 to 
5000 A. The spectrograph is now being used for a 
program on selected S-type variables. Spectra of the 
planetary nebula NGC 7009 were also obtained in 
connection with the Master’s thesis of K. C. Leonard. 
Peery also completed his spectroscopic study of VV 
Cephei, a thesis for the Ph.D. at the University of 
Michigan. 

Wrubel, in collaboration with D. C. Schmalberger, 
published an article “Numerical studies of line 
blending” in the Annales d'Astrophysique. Wrubel 
and his students had the following research projects 
in progress: stellar atmospheres (absorption line 
blending, ultraviolet solar spectra, and stellar atmos- 
pheres with varying metal abundances), stellar in- 
teriors (models for massive stars, relaxation methods 
for studying stellar structure). 

Positions and magnitudes of 861 asteroids were 
sent to the Minor Planet Circulars, but only 150 were 
published during the year. Edmondson has general 
responsibility for this program, but Mrs. Potter 
plans the observing program and is responsible for 
the blinking, measuring, and computing. Mrs. Ow- 
ings is responsible for all of the photometric work. 
A special effort is being made to obtain photographic 
magnitudes for newly numbered asteroids. Gehrels, 
Owings, and Wood have completed work on light 
curves of a total of 21 asteroids. 

Teaching. Enrollment in the elementary course 
was 243 in the first semester and dropped to 170 in 
the second. Summer Session enrollment was 43. Ad- 
vanced courses given included: Celestial Navigation, 
Introductory Astrophysics, Binary Stars, Techniques 
of Astrophysics, Orbit Calculation, Stellar Interiors, 
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are watching the lecture on the TV screen 


Astronomical Photography, Astronomical Spe 
copy, Interstellar Matter, and Radio Astro 

Plans are being developed to use closed-cirew 
as an aid to pooling some of the talent at | 
University and Purdue University. The fir 
cation will probably be a graduate level 
radio astronomy, with the electrical eng 
Purdue giving some of the lectures and ast 
at Indiana University giving the astronomy 
An audio link will be arranged so that stud 


questions of the professor who is giving the 
A trial of the method was successfully made dt 
an Astronomy Colloquium in the spring. The sj 
(David Fischel) and half of the audience wer 
one studio, and the other half of the audience 
in an adjacent studio. Very few dithcal a 
encountered. 
Choko Fujita and Edward C. Olson recet 
Ph.D. degree. David Fischel, Arlo U. Lando 
neth C. Leonard, Frederick R. West, 
Gutierrez Moreno, and Elizabeth Lynn Halls 
received the M.A. degree. - 
Miscellaneous. The full impact of our mov 
the new space on the third floor of Swain Hall 
felt in the fall when 25 graduate students en 
in the Astronomy Department. Desk space # 
was provided by converting a small room whiel 
been intended as an electronics shop into an 
for four students. The electronics shop is now 
set up in the old office at the Kirkwood Observ 
The Spitz planetarium, model A3-P, was delive 
late in the spring, but had not been put in com 
adjustment at the time of writing this report. = 
Edmondson and Wrubel participated in the 4 
NSF Visiting Professor Program. Edmondson 
participated in the Indiana Academy-NSF Pre 
of “Visiting scientists in Indiana high schools.’ 
also cae: on the NSF Post-doctoral Fellows! 
Panel and the NSF Physical Sciences Faci 
Panel. Cuffey and Irwin both gave numerous po 
lectures in various parts of the state during the 
Peery taught an astronomy course in an NSF s 
sored institute for high school science teacher 
Southern University, Baton Rouge, Louisiana du 
the summer of 1960. He also participated in jud 
the South Bend School City Science Fair in 
spring. Wrubel served as Chairman of the Ri 
Board for Fulbright and Smith-Mundt appli 
in astronomy and as a consultant to the Los A 
Scientific Laboratory where he gave a colloqu 
on “Astrophysics of the solar atmosphere.” Wr 
was one of the invited participants in the Sympos 
for High School Students on “Stars and galax 
sponsored by the Frontiers of Science Foun 
of Oklahoma, Inc. in cooperation with the Amer 
Astronomical Society. Edmondson had _ previot 


at the Annual Meeting of the Board 
of the Frontiers of Science Foundation 
f preparations for the AAS sponsorship 
ym) posium. 

lic Nights were held at the Goethe Link 
S with lectures by Evans, Stewart, and 


Colloquium speakers included: Russell A. 
\. W. Rodgers, Frank J. Kerr, Donat G. 
A. G. W. Cameron, D. Nelson Limber, 
aauw, and Robert R. Brownlee. Other visi- 
uded: C. C. Kiess, Arthur Hoag, Miriam 
Jaffe, W. W. Morgan, Stephan Sydor, and 
Sixty-nine persons attended the Joint 
ng of the Midwest Astronomers (Yerkes 
and the Neighborhood Astronomers (Ohio 
) on October 1, 1960. This occasion served 
‘informal scientific dedication of our new 
in Swain Hall. 
Frank K. Epmonpson, Director 


d College Observatory, Cambridge, Massa- 


PERSON NEL 


arvard College Observatory Council during 
year was composed of the following pro- 
D. H. Menzel, L. Goldberg, M. Krook, 
, W. Liller, A. E. Lilley, C. Payne- 
kin, and F. L. Whipple. 
. S. Roberts came to Harvard as Lecturer 
= Associate in July 1960. Dr. G. de 
s resigned in August 1960, to go to the 
rsity of Texas. 
a H. Liller assumed the editorship of 
vard Announcement Cards. 
ayne-Gaposchkin received the Rittenhouse 
1 April 1961. Whipple was awarded an hon- 
. degree by Northeastern University 


isitors to the Observatory included L. Brans- 

A. J. W. Cameron, S. Chapman, R. E. 
ielson, M. A. Ellison, F. J. Kerr, R. A. Lyttle- 
A. Monfils, M. Nicolet, Harlan J. Smith, and 


‘ 


_ EQUIPMENT 
t the George R. Agassiz Station, the support 
n for the 61-inch reflector was renovated. The 
grain spectrograph was completed at Boller and 
TRE prior to delivery, it will be tested for 
Scssiinonl collimation. The new Fecker Casse- 
in mirror was received in April 1961. An observ- 
/platform for use at the Cassegrain focus was 
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H. C. Ingrao and Roberts designed a photometer 
head, now under construction by Diffraction Lid, for 
the 61-inch Newtonian focus photometer, which will 
allow for a convenient change of different types of 
photomultipliers, cooling, and so on. Liller is con- 
structing a new photoelectric spectrophotometer for 
use with the telescope. 

At the Radio Astronomy Station in Fort Davis, 
Texas, work proceeded in connection with the 85-it 
paraboloid antenna and a new laboratory. Con- 
structed by Blaw-Knox Company under contract 
with the U. S. Air Force, the antenna will be 
erected at Fort Davis during the summer and 
assigned to Harvard University as government-fur- 
nished property. The reflector suriace has been 
treated with a special paint to inhibit reflection of 
heat, so that the antenna can be poimted in the 
direction of the sun without damage to equipment 
at the focus. The maximum frequency of efficient 
operation will be about 10 kMc. 

A 5-kMc radiometer has been designed for use 
with the antenna. It will include a degenerate para- 
metric amplifier with a bandwidth oi 200 Mc, and 
the over-all noise figure will be better than 2.5 db. 
Detectable signal levels at the receiver input are 
expected to be of the order of 0.02°K. The receiver 
will be used to observe the discrete sources of cosmic 
radio emission and also the slowly varying com- 
ponent irom the sun. 


RESEARCH 

Dr. Payne-Gaposchkin analyzed Mt. Wilson coudé 
spectrograms of the carbon star R Coronae Borealis, 
giving particular attention to the phase oi transition 
from absorption to emission spectrum. 

The 13th-mag. star HZ 22, at 12°12"16" and 
+36°56' (1950), was found to be a spectroscopic 
binary and also an eclipsing variable star. Usimg 
Palomar 200-inch spectrograms and Harvard phoio- 
graphic plates, Dr. S. Gaposchkin determimed the 
period (3.58 days) and other parameters oi the 
system. This pair of massive (12©) stars Hes at 
the remarkable distance of at least 15000 pc above 
the galactic plane. 

Roberts has brought up to date and will publish a 
previously prepared catalogue of 113 Woli-Rayet 
stars for use in discussion of certain statistical as- 
pects oi these peculiar stars. 

Under a grant irom the National Science Founda- ~ 
tion, Liller continued his work on the atmospheres 
of white dwaris. R. Chapman is calculating nongray 
atmospheres with the Smithsonian IBM 7090. The 
earlier work by Tull and Liller, which included the 
calculation of 90 gray atmospheres of white dwaris, 
has been extended by Chapman to include two pure 
metal stars. These calculations are being compared 
to measurements made by Liller of the continuous en- 


a= 


ergy distribution of 40 Eridani B and BD+28°4211. 
Additional objects will be observed in the coming 
year. 

With NSF support, Mrs. Liller has studied 48- 
inch Palomar Schmidt plates of galaxies in the Virgo 
cluster. She has reduced isophotal contours of a 
number of these objects, in order to extend her earlier 
work to fainter and more numerous galaxies. 

Research continues with the 60-it radio telescope 
at the Agassiz Station, under the direction of Lilley, 
on the 2l-cm hydrogen-line radiation from external 
galaxies; more than 25 have now been-successiully 
studied. Only two Sb’s, no Sa’s, and no elliptical 


galaxies were detected. The objects which thus far — 


appear strong in 2i-cm radiation are the Sc’s and 
the irregulars. In addition, accurate flux data have 
been obtained for more than 60 discrete sources. 

Three Sc galaxies (NGC 628, 2403, 4244), ob- 
served in the continuum as well as at 21 cm by 
Roberts, were found to have essentially the same 
fractional mass of neutral hydrogen. He detected a 
fourth Se galaxy, NGC 2903, only as a continuum 
source, and the irregular galaxy IC 10, as a rela- 
tively strong HI source. 

Layzer, with Dr. M. Kassim, is analyzing galaxy 
counts to determine properties of the spatial distri- 
bution of galaxies. The NSF supports this work in 
part. Dr. W. Irvine and Layzer further investigated 
the theory of gravitational clustering and its appli- 
cation to cosmogony. Layzer continued his work in 
atomic physics on the theory of energy levels and 
of absolute transition probabilities, and extended his 
theoretical studies of the earth’s upper atmosphere. 

Solar Siudies. Menzel continued to direct various 
aspects 
Air Force Cambridge Research Laboratories. 

In Cambridge. Menzel and L.-Doherty furthered 
their theoretical studies of the ultraviolet radiation 
fields of prominences. Attempting to interpret the 
observed structure in the emission-line corona, they 
developed new solutions of the magnetohydrostatic 
equation in spherical and in-cylindrical coordinates. 

Studies of the shape of the solar surface, under- 
taken by Menzel with Gail Moreton of Lockheed 
Solar Observatory, have shown that pairs of Lock- 
heed photographs. spaced apart a minimum of 2 and 
a maximum of 6 hr, differ sufficiently because of 
solar rotation to give a distinct stereoscopic effect, 
revealing peculiar distortions in the vicinity of sun- 
spots and active regions. 

The February 15 total eclipse of the sun was 
successfully observed by Menzel from Imperia, Italy. 
He used several Polaroid cameras fitted with binocu- 
lars. Menzel and Dr. H. K. Sen completed a theo- 
retical study of the influence of dust, smoke, and 
other atmospheric contaminations on the brightness 
of the sky for coronal studies. Menzel also developed 
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oi solar research under contract with the 


REPORES 


the mathematical theory of solar s 
sented the results of both studies at a 
solar seeing held in Rome, ltalys 
the February eclipse. 

Investigating the unequal spottedness 
solar hemispheres, Dr. B. Bell found th 
ern hemisphere contributed over 50% of 
ness in sunspot cycles 8 and 9 and in cy 
the southern hemisphere was the more 
cycles 10-13. Available data do not suffice t 
lish whether this variation is periodic. J. G. ¥ 
explored in more detail some aspects of | 
metry of _spottedness in the two hemis 
found that for each of three time interva 
the half-cycle, and the whole cycle See 
occurred much more frequently than a h 
random fluctuations would predict. 

A majority of great geomagnetic storms wert 
to arise from sunspot groups in the more s 
hemisphere in all but two cycles from 9 o 
In most cycles the inequality in location of 
storm sources far exceeds the inequality i 
spottedness, and tends to increase when the 
limit for defining a great storm is raised. O1 
long-term (several cycles) inequality in spot 
appears related fundamentally to the re 
ciency of the two solar hemispheres in 
corpuscular emission sufficient to cause a g 
magnetic storm. " 

Dr. A. Maxwell remains in charge of the 
Astronomy Station at Fort Davis, Texas, 
program of sweep-frequency observations | 
emission from the sun continues. The 
now covers the ‘range 50-580 and 2100 
providing information over the better 
octaves of the electromagnetic spectrum. 
wave sweep receiver revealed the prese 
III (fast-drift) bursts being generated in tk 
levels of the solar atmosphere. 

All the results obtained during the suns; 
mum are now in process of analysis. Ma 
Dr. A. R. Thompson completed an exami 
the characteristics of slow-drift bursts, incl 
tistics of their occurrence, duration, flare 
and rate of frequency drift, as well as ; 
of the velocity of the outward-moving dis 
that cause these bursts. The mean velocity 4 
primary disturbance is believed to lie in 
1000-1500 km/sec. The analysis indicates t 
are generated in coronal streamers in which 
tron density is 5 to 10 times that in the su 
undisturbed corona. 

Similar work is developing on the type | 
drift) and type IV (continuum) bursts. 
were discovered during the recent sunspot n 
and are associated with the ejection of hi 
protons from the sun. 


ved cal Glass desing the ICY. 
flare research topics included the de- 
| Ha siriation patterns during great flares, 


tine the imost colah 


s A major flare on Sepiember 2, 1960. was 
srved in detail with the Universal spectrograph. 
far as well as several others being analyzed, 
interpreted only in terms of macroscopic 
ty fields. Spectra of a number of limb flares 

Doppler motions im the tangential 
; limb and disk flares are distinctly different 
ts of the flare phenomenon. Other observational 
ee  romepier: plese im 
d A8542, of the O1 lines 47775 and A8+46 
etek ee Ee cnoustaches. An extensive 
latior of flares with Fort Davis noise-storm 


| app: sciable 


st the expectation of 2 major fare event. 
a attempts to predict 5-day periods that 
ic free of major proton emission by the sm 


pre ota 


in eckets at the end of 1961 
fe in the last quarter of 1962. 
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The combmed speciral range of the spectrometers 
will be 73 to 1500 A and the resolvmg power will 
wary between 0.3 A at the lonser wavelengths and 
1.0 A at the shortest wavelengihs. Design of the spec 
trometers has reached the imal sages. Calbraiton 
and testmg of the msirmment packages will be cr 
Tied out m a new laboratory recenily imsialled m the 
Space Science Buildmg under the direction of Dr. 
A. Moniils, on leave from the Insitinte of Astro 
physics, Liege, Belgium. The keboratory work will 
expand im the fall to mcinde a broad program of basic 
research on the vacuum ultraviolet radiaiion of atoms 
and two-meter vacuum spectrographs and a shock 
tube and flash imbe as sources. 

The space radio project, under Lilley’s direction, 
launched a four-chamnel radio telescope min spece 
from Cape Canaveral aboard a Blne Scout rocket on 
January 7, 1961, and operated a ground-based irans- 
mission facity at San Salvador Island durmeg ithe 
fight, The data from this fight are sill bems 


A number of radio telescope payloads, already de- 
livered to the Lockheed Missiles and Space Division, 
are ready for launch aboard Discoverer and Mids 
satellites. In addition, transmitter facilities have been 
installed at the Observatory im Cambridge to test 
i leakage below the critical irequency oi 
the F2 layer, a necessary prerequisite for the mier- 
pretation of solar radio bursts which are Indden by 
the ionosphere. 

Menzel directed a project for study of the optical 
system for a Mars probe, sponsored by the Jeti Pro- 
pulsion Laboratory; de Vaucouleurs provided the 
photometric data, and Dr. J. G. Baker designed a 
set of 13 optical systems for various applications m 
the probe. 

Planetary Research. Darmg the 1961 mienor con- 
junction of Venus, the 60-it radio telescope and 
maser radiometer were used by Lilley’s group to 
study microwave radiation from the phlnet. From 
early March to early May, more than 53O observe- 
tions were made. The new maser daia, obtained at 
21 cm, have increased by a factor of 2 the long wave- 
length lnmut to which Cytherean thermal radiation 
has been recorded m the microwave region. The 21- 
cm program yielded an average brightmess tem- 
perature for Venus of 630130 degrees. 

Neither Mars nor Saturn has been detected at- 
21 cm; Roberts is continuing to observe these planets. 
Jupiter, with an antenna temperature of several 
tenths of a degree, is easily detected with the maser. 
The possibility of a variable signal irom Jupiter is 
under study. 

The Mars mapping project continued under Men- 
zel’s supervision, with Air Force support. The study 
oi all published areographic coordmates for the vears 
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1909-1954 was finished, including a set of maps of 
measured points and a complete list of cross refer- 
ences to points measured by different observers. The 
group continued the extensive program of coordinate 
measurements on composite photographs made from 
selected negatives taken by Leighton at Mt. Wilson 
in 1956 and by Finsen at the Union Observatory 
in 1954 and 1956. 

Menzel initiated a program for the determination 
of brightnesses of planets and the moon in 10 sepa- 
rate wavelengths in addition to the standard UBV 
scales. Under a NASA grant, two sensitive photo- 
electric photometers were constructed, one of which 
will be used in France and one in South Africa for 
the observing program. The results will be sent to 
Harvard Observatory and here reduced to give accu- 
rate brightness measures between 3200 A and 1 p. 
Some observations of Mars in four colors were se- 
cured at Agassiz Station during the 1960-61 oppo- 
sition. 

Menzel and Ingrao continue the NASA-sponsored 
work on infrared instrumentation for thermal pho- 
tography of the moon. A one-channel radiometer that 
cat use either a Golay cell or a thermistor bolometer 
has been completed. The radiometer, which includes 
several new features that will be applied to optical- 
mechanical scanning systems, is scheduled to go into 
operation soon with the 61-inch telescope. Ingrao 
carried out theoretical work on the use of thin ferro- 
electric films as a target plate for image pickup 
tubes. An experimental program was started inyolv- 
ing use of barium-titanate as a single detector for 
infrared work. 

Comet and Meteor Research. Liller has recently 
concluded monochromatic isophotometry of Comet 
1959 k, using a photoelectric spectrophotometer to 
examine images of the comet in the light of CN, C,, 
and the continuum. He showed that the gas extends 
more than twice as far from the nucleus as does the 
scattering dust, and that there is some evidence indi- 
cating erratic image size changes during times when 
corpuscular radiation from the sun is expected. 

Whipple has been investigating the distribution of 
semimajor axes among comet orbits and has derived 
the following law for the frequency distribution of 
lifetimes of long-period comets: Potential lifetimes 
of new comets are distributed according to the nega- 
tive } power of the lifetime in number of revolu- 
tions. From rocket, satellite, and space-probe data, 
he has completed a study of the influx of micro- 
meteoritic dust on earth, suggesting that a major 
source of the dust is the moon, by meteorite impact. 
The work adds significantly to our knowledge of the 
structure and evolution of the solar system, and has 
practical importance for the engineering and opera- 
tion of space vehicles. 

Whipple continues to supervise a number of me- 
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teor projects. Three super-Schmidt meteor cam 
have been moved from New Mexico to Virg 
Under contract with the M.I.T. Lincoln Laborai| 
they are being used for photography of re-entry) 
jects. In the experiment of April 21, 1961, a sev} 
stage was added to the rocket, including a 
2-g iron pellet designed to simulate natural mete} 
phenomena for the first time. Dr. R. E. McG J 
leads this research and has made excellent progi) 
in determining the luminous efficiency of the | 
teoric process. i) 
Dr. A: F. Cook has worked with P. M. Milli} 
of the NationalResearch Council of Canada |) 
I. Halliday of the Dominion Observatory on }_ 
analysis of three spectrograms of Perseid mete] 
obtained in 1957. He also continued his investi|, 


luminous efficiency of meteoric irons and stones, ¢ 
on the propagation of gravity waves in the up) 
atmosphere with a view to explaining the moti 
of meteoric trains. .| 

In a search for micrometeorites in the earth’s |) 


mean space density of particles collected in the all 
tude range 30000 to 85 000 ft. _ 
The Harvard radio meteor project, with supp¢ 
from the National Bureau of Standards and t 
National Science Foundation, has continued und 
the direct scientific supervision of Dr. G. S. Haw 
and the broad direction of Whipple. Routine ¢ 
servations were commenced during the past y 
More than a thousand class A records were | 
tained; these will yield information on the radia 
velocity, and orbit of the individual meteors. 
results were achieved with a low-powered transm 
pending installation of one of approximately 
times greater power output. Three recording st 
were used near the town of Havana, Illinois, at 
work has begun on the erection of three addition 
stations. Data reduction has been made as automa 
as possible. A special film viewer prints the 
directly on punched cards at the press of a butto’ 
The calculations are completed by the IBM 70& 
computer. ; 


DEPARTMENT OF ASTRONOMY 


Liller became Chairman of the Department 
Astronomy in July, 1960. Twenty-seven gradu 
students were in residence during the academic ye 
R. B. Dunn and R. B. Southworth received Ph. 
degrees, and R. B. Rodman received an A.M. degre 

After a thorough review of graduate requireme: 
the Department introduced a new system, replacit 
the three preliminary examinations with one qualif 
ing and two research examinations. Developed with 


-})amework of reading and research courses, these 
jrequirements should permit students to accel- 
i) their doctoral programs, while at the same time 
d ng them toward a_ well-rounded graduate 
sition. 

» National Science Foundation grant enabled the 
\irtment to establish a summer program at the 
\siz Station for training advanced students in 
‘techniques of observational astronomy. Eight 
ted students are participating during the summer 
961, under Roberts’ supervision; visiting lec- 
Mmigeanuciide Dr. A. R. Sandage, Dr. C. B. 
jhenson, and Dr. K. Wurm. 


MISCELLANEOUS 


ices and laboratories were moved into the new 
00- ft Space Science Building gradually dur- 
‘the winter. Various space science laboratories 
) operate there, as does the Smithsonian IBM 
). A new Model Shop, equipped partially through 
3 support, serves both institutions. 

{arvard and Smithsonian jointly offered an Open 
ht series in the spring, under Dr. Wright’s direc- 
. Menzel, Roberts, and Dr. C. A. Whitney lec- 
sd. Over 1000 tickets were distributed. Liller 
ured on the occasion of the customary Open 
‘ht for the Harvard Summer School. 

\ bibliography of Observatory reports and publi- 
jons for the year July 1960 to June 1961 will be 
| ilable i in late fall on request from the Librarian, 
rvard College Observatory. 
Donatp H. Menzet, Director 
\- 
liversity of Illinois Observatory, Urbana, IlIli- 
‘101s 


Personnel. During the year 1960/61, the perma- 
‘it senior staff consisted of Drs. G.-C. McVittie, 
fee Wyatt, Io R] Kinge--P. Demarque, A. J. 
Meadows (to January 31, 1961) and of Dr. G. W. 
renson, Jr., who held half-time appointments in 
jectrical Engineering and Astronomy. Dr. W. B. 
mnor (London, England) and Dr. A. Lichnero- 
ez (Paris, France) held visiting professorships in 
» Astronomy Department, during the first and the 
tond semester, respectively. There were eight grad- 
ite students working towards either the Ph.D. or 
e M.S, in Astronomy. 

|Radio Astronomy Project. The reflector surface, 
lwers and catwalk of the radio telescope (600x400 
| paraholic cylinder) were completed by November 
160. During the late winter and early spring of 
100/61, the surface suffered from erosion damage 
id repair work started in June 1961. In places, 
irface water had scoured out channels under the 
iphalt liner. It is planned to seal-off the liner more 
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completely than the original specifications called for. 
The area surrounding the telescope also suffered 
from erosion. This is also being remedied. Two more 
control dams are being built, as well as a new access 
road to the east side of the reflector. Three-phase 
electrical power is also being brought to the site. 
The main access road to the site is complete and so 
is the laboratory building. 

The development of the conical log-spiral antennas 
was completed and the bid of the Amphenol-Borg 
Corporation for building 300 of them was accepted. 
Delivery is expected in July 1961. Development work 
on the transmission lines also proceeded steadily and 
is nearing completion. A graduate student was sent 
in June to the National Radio Astronomy Observa- 
tory, Green Bank, West Virginia, where he will 
spend the summer constructing the radiometer. 

McVittie has been engaged, as a member of the 
National Academy Working Group on Frequency 
Allocations for Radio Astronomy, on securing “silent 
zones” in the radio spectrum. One such is 608-614 
Me (commercial TV Channel 37), in which the op- 
erating frequency (611 Mc) of our radio telescope 
falls. The University’s petition to the FCC asking 
that Channel 37 be allotted to Radio Astronomy in 
the U.S. was denied in March 1961. However, the 
University’s Petition for Reconsideration, filed with 
the FCC in April 1961, is apparently receiving more 
favorable consideration. At any rate, it is to be 
noticed that the FCC is now urging stations wishing 
to use Channel 37 to transfer to one of the neigh- 
boring channels. In Europe, the European VHF/ 
UHF Broadcasting Conference, Stockholm, 1961, 
has again urged that administrations take steps to 
avoid the use of 606-614 Mc in the development 
of UHF broadcasting services. Though world-wide 
protection of the frequency at which the radio tele- 
scope is to operate has thus not yet been secured, 
it is encouraging that some degree of protection 
is being attained. 

Research. McVittie and Bonner investigated the 
implications of Hoyle’s 1960 field equations for the 
steady-state theory. They concluded that this theory 
of gravitation still possesses a number of ambiguities 
as compared with Einstein’s general relativity. Mc- 
Vittie’s book Fact and Theory in Cosmology reached 
the stage of galley proof. 

Apart from his work on the radio telescope project, 


G. W. Swenson has continued leading his team, 
which is engaged on satellite ionosphere studies. 


The signals from several satellites were monitored 
regularly throughout the year for information about 
the electron content of the ionosphere and the ir- 
regularities it contains. Presently the project is con- 
structing a radio transmitter for ionosphere studies 
to be placed in an Air Force satellite next fall. The 
project presently operates observing stations at Ur- 
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bana and at Baker Lake, Canada. Plans are complete 
and equipment has been constructed for stations at 
Houghton, Michigan; Quito, Equador; Curacao, 
Dutch West Indies; and Ft. Myers, Florida, for 
use on future satellites. 

S. P. Wyatt spent the summer of 1960 working 
at the Smithsonian Astrophysical Observatory at 
Harvard. He was on sabbatical leave during semester 
I. During the year, Wyatt worked out the effects of 
solar radiation pressure, and also those of the diurnal 
atmospheric bulge, on satellite orbits. He also con- 
tinued writing his textbook of descriptive astronomy. 
Wyatt is also the principal investigator of part of an 
Air Force project that covers studies of solar and 
terrestrial radiation pressure effects on earth satel- 
lites. With J. Myron Atkin of the University of 
Illinois College of Education, Wyatt is acting as 
co-principal investigator of the NSF-sponsored proj- 

t “Curriculum content improvement in elementary 
science.” The work began in June 1961 and will 
continue throughout the summer, a team of six 
being engaged on it. 

I. R. King spent the summer of 1960 at Mt. Wilson 
and Balser Observatories studying the structure of 
globular clusters. The observational material includes 
photoelectric surface brightnesses and star counts on 
Schmidt and reflector plates. The data so far re- 
duced lead to several conclusions: (1) The tidal 
force of the Milky Way limits the size of a globular 
cluster. Tidally induced ellipticity can be detected in 
the Schmidt counts. (2) In clusters of widely differ- 
ing appearance the radial density distributions can 
be represented by a single law. Besides the necessary 
scale factors it has only one more parameter, which 
gives the central concentration. The new law, which 
is based on more extensive observations than were 
previously available, bears no resemblance to Jeans’ 
law. Instead, in the limit of zero tidal force, it ap- 
proaches Hubble’s law for elliptical galaxies. King 
has also continued his work on the dynamics of star 
clusters, with a view toward constructing a theo- 
retical model to fit the observations. His work is 
supported by the NSF. 

A. J. Meadows also observed at Mt. Wilson and 
Palomar during the summer of 1960. He worked on 
the rotation of Be stars. His work was also supported 
by the NSF. 

P. Demarque completed a new series of theoretical 
stellar models, making use of new assumptions con- 
cerning the surface boundary conditions for sub- 
dwarf stars. The problem arises from our lack of 
knowledge of the “effective mixing length” in the 
convective outer part of lower main-sequence stars. 
The results indicate that although the structure of 
the subphotospheric layers depend strongly on the 
assumptions chosen, the structure of the star as a 
whole shows little sensitivity to atmospheric changes. 
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Demarque’s investigations are supported by th 
Their aim is to study the effect of differe 
chemical composition on the rate and dire 
the evolution of stars of medium and low 
The research program entails extensive use 
University’s high-speed computing facilities. 

Instruction. The total enrollment of undergre 
and graduate students in courses in astrono 
489, which represents an increase of 9% ove 
previous year. The program of Visitors’ Night 
tracted 792 members of the public during the } 
The following outside lecturers gave colloquia i 
astronomy department: Dr. M. Schwarz 
(Princeton) ; Dr. R. Minkowski (Mt. Wilso: 
Palomar); Dr. R. Hanbury Brown (Mane 
England) and Dr. V. A. Bailey (Sydney, Aust 

General. McVittie was elected Secretary 
American Astronomical Society in June 1961. 
he will be unable to assume the duties of See 
until August 1962, Dr. Harlan J. Smith of 7 
University has kindly consented to act as Ac 
Secretary during the coming year. Swenson 
appointed chairman of the Visiting Committ 
the National Radio Astronomy Observatory. H 
also an exchange visitor in radio astronomy to- 
Soviet Union in January 1961 and delegate to 
13th General Assembly of URSI in August. 


G. C. McVirrre, ar 


Leander McCormick Observatory, University 
Virginia, Charlottesville, Virginia (for the pet 
June 1958—July 1961) i 


Personnel. Following the resignation of Dy: 
1958 after a year’s iene of absence, Osvalds \ 
appointed assistant professor of Astronoumt 4 
vacancy produced by the retirement of Vyssots! 
June 30, 1958 was not filled immediately. To, | 
for the increasing demand for courses in Astrot 
Gordon Vandervort was appointed acting assistall 
professor of Astronomy for the session of 193 
1960. However, he left in April 1960 to take a pc 
tion in Afghanistan. The heavier teaching load 
the other members of the staff has precluded m 
research activities during this report period, 
ticularly this last year in which the number of < 
tronomy students increased 50% but the staff y 
reduced. Dr. Mitchell, Emeritus Director of | 
Observatory, died on February 22, 1966, two mo nt 
before his 86th birthday. Alden retired June 
1960 after serving 15 years as professor, chairm 
of the Department, and director of the Observato 
Upon his retirement he was made Professor Emeri 
in view of his total service of 26 years as fello 
instructor, and as assistant, associate, and full pr 
fessor. His successor has not yet been appointe 
Osvalds has been named Acting Director of t 


Jrvatory and Acting Chairman of the Depart- 
of Astronomy starting July 1, 1960. D. Scott 
Sey was appointed instructor in Astronomy in 
Hember, 1960. In June 1961 he was awarded a 
4). degree in Astronomy by Georgetown Uni- 
a ty, Washington, D. C. 

wenty-Six-inch Telescope. During all three years 
inights listed as clear exceeded the normal but 
‘is not reflected in the number of plates obtained. 
jitations of staff and severe trouble with the driv- 
of the telescope since April 1959 account for this. 
\parative statistics for the three years are as 


1958-1959 1959-1960 1960-1961 
r nights 124 124 111 
: ly cloudy 109 92 108 
dy 132 150 146 
‘ee clouds 283 275 283 
hits observed 64 4 8 
| visitors (nights) 1945 (50) 1155452) 1640 (55). 


‘he total number of plates with this instrument is 
#) 68 646, an increase of 305 during the interval. 
‘mechanical parts of the telescope were thoroughly 
: oked and readjusted in April 1960. Its objective 
} was taken out of the cell and cleaned on April 
1960. The expected improvement in driving was 
achieved ; therefore during this last year a ways 
| means has been considered for putting the tele- 
“pe back in normal operation. With no quick major 
sition in sight, the mechanical parts, particularly 
} bearings of the polar axis and the driving mecha- 
Ju, were again re-examined in June 1961. A 
viceable improvement has been achieved but more 
ensive checking and adjusting is necessary for 
}\ final conclusions. 

While the telescope could not be used for photog- 
hy, it has been possible to make it useful for 
‘ual observations. Beginning December 1960, R. J. 
ickman and A. C. Mason from the United States 
ological Survey Astrogeologic Studies Group have 
¢n using the telescope regularly for observing the 
jon at a certain phase. 

Ten-inch Camera. Due to the shortage of per- 
/inel no systematic work has been done with this 
itrument. However, we have cooperated with Geo- 
ysics Research Directorate Space Flight Physics 
iboratory in their attempts to carry out several 
are-triangulation experiments in 1960-61. This 
escope also was used to photograph Shotput IV 
d \, the forerunners of Echo I. 

Publications. The following publications appeared 
iring the report period: 


itchell, S. A., Reuyl, D., Anderson, C. M., et al. 
1958, “Trigonometric parallaxes of 432 stars,” 
McCormick Publ. XIV, Pt. 1. 

giz, A. G, A. Jr., and Vyssotsky, A. N., 1958, 
“Photographic and photovisual magnitudes of stars 
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in the Harvard C regions,” Astron. J. 63, 474; 
McCormick Publ. XI, Pt. 16. 

Vandervort, G. L., 1958, “The magnitudes, colors, 
and motions of stars of spectral class R’’ (disser- 
tation), Astron. J. 63, 477; McCormick Publ. 
PG Pei Ne 

Cowley, C. R., 1958, “A search for blue stars in high 
galactic latitudes” (thesis), Astron. J. 63, 484; 
McCormick Publ. XI, Pt. 18. 

Osvalds, V. and Alden, H. L., 
McCormick parallaxes,” Boao JED O49 208: 

Osvalds, Z. and Osvalds, V., 1959, “Trigonometric 
parallaxes of 58 stars,” Astron. J. 64, 265. 

Eichhorn, H. and Alden, H. L., 1960, ‘Parallax, 
proper motion, and mass ratio of 32398 (ADS 
11632),” Astron. J. 65, 148; McCormick Publ. 
XI Pt. 19. 

INidentmlcl miles ©svaldsy, Vis 
metric parallaxes of 270 stars,” 
LV Pts 2: 

Osvalds, V., 1960, “Intercomparison of space veloci- 
ties and dispersions of Mira variables with those 
of other stars,” Astron. J. 65, 495(A). 

Osvalds, V. and Risley, A. M., 1960, “Space veloci- 
ties of Mira variables,” Astron. J. 65, 496(A). 


1959, “Corrections to 


et al. 1960, “Trigono- 
McCormick Publ. 


Observatory Building. During the last few months 
of this report period a fairly extensive repair and 
remodeling of the office building was started and is 
almost finished. The whole building, including the 
26-inch refractor dome, was checked and most of 
the electrical wiring replaced so that the building is 
to be considered completely rewired. On the main 
floor all offices and library were replastered and re- 
painted. On the ground floor the dark room has been 
completely rebuilt and the adjoining mechanical shop 
and furnace room replastered. 

General. Alden by invitation attended the Second 
Astrometric Conference at Cincinnati Observatory 
May 17-21, 1959. Osvalds gave a paper on proper 
motions of Mira variables at the AAS meeting in 
Gainesville, Florida, December 1958 and two papers 
on absolute magnitudes and space velocities of the 
same stars at the AAS meeting in Mexico City, 
Mexico, August 1960. Birney attended the AAS 
meeting in Nantucket, Massachusetts, June 1961. 

Alden continued to teach the astronomy part in 
both the Science Teacher’s Year Institute and the 
Summer Institute. After his retirement these duties 
were taken over by Birney. 

It is a pleasure to acknowledge the continued sup- 
port of the Family of Leander McCormick for our 
research projects. 

The greater part of the information covering the 
first two years in this report has been given to me 
by Dr. Alden. 


V. Osvatps, Acting Director 
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Lick Observatory, University of California, Mt. 
Hamilton, California 


Personnel. H. M. Jeffers retired as Astronomer on 
June 30, 1961 after an association with the Observa- 
tory which began as a Lick Fellow in 1919, and has 
been continuous since 1924. He will continue part- 
time post-retirement activity. R. L. Sears was on 
part-time leave to the California Institute of Tech- 
nology during the year, and is to depart for a full-time 
position on September 1, 1961. C. E. Worley left on 
June 30, 1961 for a position at the U. S. Naval 
Observatory. 

W. Krzeminski of Warsaw was appointed Astro- 
nomical Assistant on October 17, 1960. Dr. W. H. 
van den Bos began an appointment as Project Asso- 
ciate on July 1, 1961. 

G. E. Kron was away for nine months on an ob- 
serving expedition to the Mt. Stromlo Observatory. 
Jeffers and Vasilevskis attended an Astrometric Con- 
ference at the La Plata Observatory in November 
1960, and also the dedication of the observing station 
at La Leone, Argentina. G. H. Herbig attended a 
Conference on Stellar Evolution at La Plata, also 
in November; in January he spent three weeks in 
Mexico City and Tonanzintla as a guest of the Ob- 
servatorio Astronomico Nacional. 

Dr. A. A. Boyarchuk of the Crimean Astrophysical 
Observatory spent several months at the Observatory 
on a Soviet-U. S. exchange fellowship program. Drs. 
Geofirey and Margaret Burbidge of Yerkes Observa- 
tory were guest investigators for two months in the 
spring of 1961. The Lick Observatory Fellows for 
1960-61 were Arnold Klemola, Hyron Spinrad, and 
David Wood. The following students from the Berke- 
ley Astronomical Department were in residence on 
Mt. Hamilton in the summer of 1960: Robert Ben- 
son, Robert Chambers, Kimball a Leonard 
Kuhi, and John Williams. : 

Staff Activities. C. D. Shane continued as Presi- 
dent of the Board of Directors of the Association of 
Universities for Research in Astronomy (AURA). 
He was also chairman of the Local Organizing Com- 
mittee for the Berkeley meeting of the International 
Astronomical Union, held in August 1961. Bidelman 
continued as editor of the Publications of the Astro- 
nomical Society of the Pacific, and also as a member 
of the National Science Foundation Advisory Panel 
for Astronomy. 

Visitors. Forty-nine scientific and technical visitors 
came to the Observatory for a stay of one day or 
more. Twenty-two of these spoke at an Observatory 
colloquium. 


EQUIPMENT AND PHYSICAL PLANT 


The 120-inch Telescope. At the end of the report 
year the prime focus spectrograph was nearing com- 
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posure. Further modernization of the tele 


pletion. With three interchangeable gratings 
Schmidt cameras of 2.4 and 4.8 inches focal Te 
it will give a dispersion ranging from 50 to 400. 
in the second-order blue. The photometer ba 
at the prime focus was also scheduled for e 
pletion. An image rotator employing a larg 
quartz Dove prism and a calibrator for s 
plates were installed in the coudé slit area. 

36-inch Telescope. The camera built by S 
Research Institute according to the design of 
A. Weitbrecht has been installed. The a 
guiding feature performs well, and stars of 
photovisual magnitude can be reached in a 


provide more rapid and accurate setting is 
design stage. Jeffers has completed a study of 
properties of the objective which attests to its ¢ 
tinuing excellent quality. : 
20-inch Carnegie Astrograph. The order for 
yellow-corrected lens and cell has been placed W 
the Perkin-Elmer Corporation, and delivery in m 
1962 is expected. Completion of this long-plan 
second objective for the twin astrograph is be 
financed in part by a grant from the National Set 
Foundation. 
Plate-M easuring Equipment. Work on the | 
coordinate automatic measuring engine for the G@ 
negie Astrograph plates is proceeding satisfacte 
at the Gaertner Scientific Corporation. The surveyil 
machine is in the fabrication stage. All essential ¢ 
ponents of the precision measuring engine have B 
tested and are being fitted into the final desi 
Delivery in the fall of 1962 is expected. This pro 
is being superviséd by Vasilevskis and is fina 
by the National Science Foundation. 
A direct-intensity reading microphotometer 
been assembled by Preston from commercial ¢ 
ponents ; the plate characteristic is plotted in met 
ink on a chart inserted in an X-Y curve follower 
New Construction. The Maintenance Departme 
under the supervision of H. J. Noren, built four 7 
residences on the ridge to the northwest of — 
12-inch dome. t 
Image Tubes. An improved two-chamber im: 
tube, based on the Lallemand principle, was | 
signed and built by Kron, with the help of the en 
neering department and instrument shop of the 
Stromlo Observatory. All parts, including the ge 
valve separating the cathode and photographic pl 
sections, are of metal and glass. The first tests 
encouraging, and the work is continuing at Li 
Observatory, with Papiashvili collaborating. 
Office of Naval Research has supported the w 
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Solar System. Infrared spectra of Uranus at 
Neptune at a dispersion of 32 A/mm have been o 


ed by Herbig. Improved wavelengths for the 
Hilentified bands found by Kuiper in the 7500 A 
on have been derived, and several additional 
lise lines observed. No identifications have been 
le. 

Youble Stars. The Index Catalogue of Double 
rs, covering 45 000 pairs or multiple stars north 
-20° declination, has been completed and is being 
pared for publication by Jeffers, assisted by Mrs. 
teby. It will appear jointly with van den Bos’ 
ilar catalogue, which contains 17 000 entries re- 
ding double stars south of —19° declination. 
Norley completed a two-year. program of visual 
asures of double stars. Twenty-eight new doubles 
te found among 700 M dwarfs examined for 
dlicity, of which nine were separated by less than 
iec. The total number of measures of wide and 
‘row pairs was about 3000. The Miiller polarizing 
)tometer was used for 250 measures of magnitude 
ference. The Office of Naval Research has sup- 
‘ted this work, with Bidelman responsible. © 
leffers has been collaborating with Professor 
nar Hertzsprung of Copenhagen in measurements 
photographic doubles on plates obtained with the 
inch refractor. About 700 pairs have been meas- 
sd and the material is being prepared for publi- 
ion. 

Walker re-examined the behavior of the 71-sec 
tiation of DO Her during the primary eclipse. 
‘temporary photoelectric photometer at the prime 
tus of the 120-inch telescope gave considerably 
proved signal-to-noise ratio over that obtained at 
® Crossley reflector. The 71-sec variation ascribed 
the pulsation of the old nova definitely disappears 
r 20 minutes during the eclipse, the interval being 
ntered 3 or 4 minutes after minimum. This obser- 
tion is in accord with the Kraft-Greenstein model, 
which the old nova is a very small star embedded 
an extensive luminous atmosphere; the eclipse of 
is atmosphere produces the primary minimum, the 
wt itself being totally eclipsed for only 20 minutes. 
Using the same temporary photoelectric photome- 
- on the 120-inch telescope, Walker obtained an 
rared light curve of UX UMa. If the secondary 
ir were an M dwarf, a secondary eclipse might 
detected. None was observed. The primary eclipse 
da depth of 0.8 mag. in the infrared. The times 
primary eclipses are being determined photoelec- 
cally in the yellow or blue by Krzeminski at the 
‘ossley reflector. The aim is to test the constancy 
the period. 

Herbig has found that the M star HD 214479 is 
double-line spectroscopic binary. The types are 
(2e, and the period is about 4 days. Eclipses are 
ssible, but have not been detected. 

Sarma computed an orbit for the spectroscopic 
vary 94 Agqr. He also carried out photoelectric 
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observations of the eclipsing binaries « Agql and 
CE .Set: 

Preston is following the behavior of the violet- 
displaced absorption component of Ha in v Sgr on 
coudé spectra, with a view to comparison with his 
previous observations in 1956 and 1960. 

Variable Stars. Preston has completed the analysis 
of spectrograms and photoelectric measurements of 
three RR Lyrae variables. The observations were 
obtained at the Mt. Wilson Observatory. Curve-of- 
growth analyses showed that the hydrogen-to-metal 
ratio in DX Del was like that in the sun, while the 
ratio in RR Lyr was 20 times smaller, and that in 
X Ari 500 times smaller. The abundances of the 
metals relative to iron did not vary significantly from 
star to star. The evidence from excitation tempera- 
tures and photoelectric colors is in agreement with 
the hypothesis that all RR Lyrae stars follow a 
single relation between period and effective tempera- 
ture, regardless of chemical composition. 

Preston has initiated a detailed spectroscopic study 
of RV Tauri and semiregular variables, based on 
16 A/mm coudé plates. The eight stars W Cyg, 
AC Her, SX Her, UU Her, U Mon, X Mon, R Sct, 
and TY Vir are being followed intensively through 
at least one cycle, and parallel photoelectric observa- 
tions on the UBV system are being supplied by 
Krzeminski. The aim is to determine atmospheric 
parameters from line-intensity measurements, and to 
relate such information to the color indices and light 
curves. A broader survey of the RV Tauri and yellow 
semiregular variables is being undertaken by Wil- 
liams, using the Crossley nebular spectrograph, also 
accompanied by parallel photoelectric observations. 

Kinman and Wirtanen are using the 20-inch astro- 
graph in a systematic search for RR Lyrae variables 
in the direction of the north galactic pole; the objec- 
tive is to obtain better information on the spatial 
extent and stellar density of the galactic halo. Incom- 
plete blinking of two fields 5.3 deg square, with a use- 
ful plate limit of m,,=17, has yielded 21 variables. 

Kinman has analyzed his three-color photoelectric 
observations of SX Phe, made at the Cape Observa- 
tory. There is no evidence for a change in either the 
primary (79-minute) or the secondary period, as had 
been reported by F. B. Wood (Astron. J. 66, 348, 
1961). 

Wirtanen has examined about one-third of the 
plate material obtained in Walker’s search for varia- 
bles of extremely short period, mentioned in the 
1959-60 report. Twelve probable variables have been 
found, two of them previously discovered by Hoff- 
meister. Photoelectric observations of these stars are 
being undertaken. 

Walker has studied the spectrum variations of the 
explosive variable AE Agr, using the Lallemand 
image tube and the coudé spectrograph. At a dis- 
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persion of 65 A/mm, the exposure is 10 to 15 min- 
utes during an outburst, and 20 to 30 minutes at 
minimum light, thus permitting a time resolution 
well beyond what is possible by photographic meth- 
ods; with a better cathode a further gain of a factor 
2 is possible. Simultaneous monitoring with a photo- 
electric photometer at the Crossley reflector was 
used as a guide in timing the exposures. During an 
explosion the emission lines of Cait and hydrogen 
become stronger and broader, and the K-type ab- 
sorption lines of the cooler component are filled in 
by a hot continuum. The broadening of the emission 
lines may at various times be symmetrical, or asym- 
metrical toward either the red or the violet. This 
indicates that the explosions arise in a small area 
within the system, which further study may succeed 
in localizing. 

Rosino’s nova in M31 was found on five plates 
taken by Kinman for another purpose. All observa- 
tions at Lick Observatory and elsewhere, when re- 
duced to the same system, fitted a light curve having 
a much slower decline than Arp had found to be the 
rule for the most luminous novae (Publs. Astron. 
0c.) Pacsic 73, 223, Y961), 

Sarma followed VY Leo photoelectrically and 
found it to be an irregular M-type variable, rather 
than an RR Lyrae star (Publs. Astron. Soc. Pacific 
to be published). 

Galactic Clusters. Preston has obtained low-dis- 
persion spectra of 25 stars in the cluster near the 
Cepheid variable CV Mon, 19 of which had been 
measured photometrically by Arp. Over half have 
types that exclude them from cluster membership. 
The Cepheid may still belong to the cluster, but 
before the absolute magnitude and intrinsic color are 
derived, a rediscussion of membership is indicated. 

Vasilevskis is continuing his program of measur- 
ing proper motions of stars in the fields of galactic 
clusters, in order to determine membership.» Balz is 
working on the plate pairs from the Allegheny Ob- 
servatory. A number of these clusters have been pho- 
tographed in two colors with the 120-inch telescope 
in order to extend the cluster population studies 
beyond the limiting magnitude of the Allegheny 
plates. The first-epoch series of plates of clusters with 
diameters larger than 20 minutes of arc has been 
completed at the 20-inch astrograph, in collaboration 
with Balz. A new series of first-epoch cluster plates 
has been initiated with the automatic camera on the 
36-inch refractor. Planetary nebulae with central 
stars brighter than m,y=16 have been included in 
this series. 

Vasilevskis is also searching the Hyades region for 
faint red dwarfs which may be members of the 
cluster. Thirteen fields have been photographed with 
the 120-inch telescope. 

Herbig has obtained low-dispersion spectrograms 
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for all the known members of the Hyades fainter than} 
Mpg= 12.0, and for a large fraction of the faint mem-| 
bers of the Pleiades. The Pleiades spectra were those} 
of normal stars ; there i is no evidence for dMe mem-| | 


sequence, most of the main-sequence stars must et 
considerably older than the cluster age inferred from} 
bright members. It is therefore necessary to assume} 
that all the stars in these clusters are not coeval.} 
Dating on the basis of the upper part of the color- 
magnitude diagram would then given only the time! 
since the last generation of bright stars was bern. | j 

Herbig has~also obtained coudeé spectrograms ofl 
several bright early-type stars in M6/, in order to| 
check membership. | 

Walker has extended his studies of galactic clus-| 
ters to include IC 1805. On the bass of UBV mag-) 
nitudes and colors of 350 stars down to V=16.5, it! 
appears that the cluster resembles NGC 6611 in its) 
upper main sequence. The preliminary true modulus) 
is (m—M),=12.5 mag., and the color excess Egy) 
=0.90. Because of nonuniform reddening, however, | 
it will be necessary to have spectral types to remoye: 
all ambiguity. Some nonuniform absorption also ex- 
ists in the Orion nebula, and spectra to clarify this 
have been obtained by Krzeminski. 

Walker and Sarma have investigated NGC 2420, 
a cluster classified by van den Bergh as extremely: 
old, on the basis of the luminosity function. From a 
combination of photoelectric and photographic ob- 
servations, made with both the Crossley and 120-inch 
reflectors, a color-magnitude diagram was derived. 
Three-color observations showed little or no redden- 
ing. In the upper part of the diagram the cluster 
resembles NGC 752 and may be assigned an age 
of about 110° years. Further photoelectric stand- 
ards are needed to reach the unevolved main sequence 
at V=18. The modulus from the brightest stars is 
about m—M=12.5 mag. 

T Tauri Stars and Stars in Young Clusters. Hee 
big has made an estimate of the mass loss that is 
suffered by two extreme examples of T Tauri stars 
as a result of the material rising from their surfaces 
and escaping. In T Tau itself the rate is 1 solar mass 
in 2X 10° years; in LkHa 120, a 12th magnitude star 
in Cygnus, the rate is twice as great. The ejection 
of this matter requires an expenditure of energy com- 
parable with that radiated by these stars. In both 
cases there is.a bright nebulosity around the star 
which may be a circumstellar. cloud formed by the 
ejected material. 

A “bright ultraviolet” T Tauri star of the 12th 
magnitude has been found by Herbig in a dark 
cloud in Ophiuchus (No. 209 in the Mt. Wilson list 
of “Additional stars having the Ha line bright”), 
and two coudé spectrograms have been obtained at 


16 A/mm. In this star at least, the ultraviolet con- 
‘tinuum is due to the running together of the broad 
Balmer emission lines below H20 or H21, as sug- 
gested by Bohm in the case of the bright-ultraviolet 
T Tauri stars he studied. The emission lines may 
‘be presumed to originate in permanent hot turbulent 
| areas. 

__ Walker has been able to obtain spectra of several 

faint variables in the Orion nebula and NGC 2264. 
|The Lallemand camera permits reaching stars in 
the range B=14 to 16 at a dispersion of 65 A/mm. 
In addition to the usual T Tauri emission lines, a 
| blue continuum which veils or obliterates the under- 

_lying late-type absorption lines appears in some stars. 

The blue continuum is strongest in YY Ori, and 
supports Herbig’s and Varsavsky’s contention that 
gravitationally contracting stars on or below the main 

sequence in the color-magnitude diagram (‘“Walker’s 
anomaly’’) have T,’s lower than their B—V color in- 
dicates, and hence that if freed of this contamination, 
their position in the diagram would be substantially 
: to the right of their observed location. The origin 

of the ultraviolet excess is obscure; in the stars ob- 
served by Walker, running together of the Balmer 
emission lines does not appear to be the explanation 
since the excess on microphotometer traces always 
begins near 3800 A and hydrogen lines are resolved 

to H17 at 3679 A. 

In LT Ori, MO Mon, and YY Ori, redward- 
‘displaced hydrogen-absorption features were ob- 
served, with velocities of 150 to 200 km/sec relative 
‘to the late-type absorption-line velocities. This ob- 
servation implies that in these stars infall of material 
predominates over ejection, contrary to the usual 
tule in T Tauri variables. 

Walker is photographing young clusters with the 
120-inch telescope in a systematic search for faint 
T Tauri and RW Aurigae variables. Preliminary 
examination of the plates shows that in Orion and 
NGC 2264 many faint variables may be found down 
to the limit of the plate, estimated to lie between 
V=22.5 and 23.0. Material being accumulated will 
permit a search for variables in clusters containing 
little absorbing material, and in slightly older clusters. 

Globular Clusters. While at the Mt. Stromlo Ob- 
Servatory, Kron observed southern globular clusters 
and globular clusters in the Magellanic Clouds on 
the six-color system. The Cloud clusters showed a 
Tange of colors quite beyond that found in the 
Galaxy, confirming the result from color-magnitude 
diagrams that globular-appearing clusters may have 
a wide variety of stellar content. 

Kinman is undertaking a study of faint and dis- 
tant globular clusters. Radial luminosity profiles are 
being derived for NGC 2419 and for 13 clusters 
assigned by Morgan to the disk and nucleus, with 
a view to comparison with the profile of halo clusters. 
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A variable search in NGC 2419 has located a few 
RR Lyrae stars. Variable No. 18, called semiregular 
by Baade, is a 1.5-day Cepheid. In collaboration 
with Rosino, a variable search is under way in Abell 
clusters Nos. 1, 4, and 5, and also in Shakbazian No. 
1. Photographic photometry of globular clusters in 
M31 is being attempted on yellow and blue 120-inch 
plates. The clusters measured photoelectrically by 
Kron and Mayall are used as standards. 

Faint Blue Stars. Klemola’s study of faint blue 
stars at high galactic latitudes now includes 200 
stars between the 10th and 12th magnitudes, of which 
over 60% have been observed photoelectrically. Of 
these only six, or about one in 20, show a pronounced 
ultraviolet excess. The great majority lie on or near 
the unreddened main sequence in the U-B, B—V 
plane. About 75% of the 200 stars have normal spec- 
tra of types ranging from BO to F5. Seventeen sub- 
luminous O and B stars were found, and 30 peculiar 
and subluminous A and F stars. No normal O stars 
appeared in the sample. The proper motion study of 
these stars is nearing completion. 

Stellar Spectra. Bidelman has investigated the CH 
stars in the ultraviolet at a dispersion of 16 A/mm. 
Stars of differing C1?/C™ ratio (such as HD 5223 
and HD 201626) show the same strength in the NH 
band at 3360 A. This indicates that the nitrogen 
abundance does not depend on the carbon isotope 
ratio, which in turn may mean that the carbon cycle 
is not responsible for changes in the abundance of 
C, so that some other explanation for the high 
abundance of C1* in carbon stars must be found. 

Bidelman has found ultraviolet Fe11 emission lines 
in all M giants and supergiants thus far investigated, 
and also in the carbon star 19 Psc. In the stars desig- 
nated FOp in the Henry Draper Catalogue, he finds 
that the K line has both a very broad profile and a 
sharp central absorption. 

With the assistance of Miss Diane Pyper, Bidel- 
man has analyzed high-resolution spectra (2 A/mm) 
of a number of sharp-line early-type stars. Wave- 
length measurements and identifications have been 
completed for nine stars. In magnetic stars there is 
systematic enhancement of lines of certain ions. In 
several stars evidence for the identifications of Gatt, 
Krit, and Hgtt (3984 A) appears to be fairly strong. 

Boyarchuk and Herbig have made wavelength 
measurements of the Lit resonance lines at 6707 A in 
several K and M stars with only moderate lithium 
intensity. Preliminary measures show that the Li7/L1° 
isotope ratio is large, and may be comparable with 
the terrestrial value, despite the fact that the nuclear 
history of the stellar material in evolved late-type 
giants must be quite different from that of the 
material in the earth’s crust. 

Boyarchuk and Herbig have studied coudé spectro- 
grams of the novalike object 377.1943 Sagittae, which 
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has slowly risen from mpg=13 to 10 over the past 
60 years. The spectrum is like that of a B8 Ia super- 
giant with P Cygni structure at the hydrogen lines; 
a shell may be responsible for the higher Balmer lines. 
Direct photographs with the 120-inch show that the 
star is centered in a circular envelope having a spec- 
trum like a planetary nebula. The envelope was not 
produced by the recent outburst since it is visible on 
photographs made before 1900. 

Klemola has published the results of his analysis 
of the helium star BD+10°2179. Hydrogen has less 
than 1% its normal abundance relative to silicon, by 
number of atoms, and helium is overabundant by a 
factor of about 10 (Astrophys. J. 134, 130, 1961). 

George Wallerstein of the Berkeley Astronomical 
Department obtained a series of coudé spectra of 
17 Lep covering the red region of the spectrum. The 
material is being discussed by J. Sahade of La Plata 
Observatory. Wallerstein also obtained further coudé 
spectra of ADS 8734, a binary containing an O-type 
subdwarf (Publs. Astron. Soc. Pacific 72, 486, 1960). 
Preliminary examination confirms the low mass of 
the hot star indicated by the first plates. A coudé 
spectrogram of the recurrent nova RS Ophiuchi in 
1961 showed a shell spectrum. 

Interstellar Matter. Bidelman has collaborated 
with Bengt Westerlund of Uppsala Observatory in 
a combined spectroscopic and photometric study of 
100 bright early-type stars near the north galactic 
pole. No evidence of appreciable interstellar redden- 
ing was found (Astron. J. 65, 483, 1960). 

Herbig’s search for new interstellar lines in the 
ultraviolet has now covered all suitable stars that 


can be reached with the three-mirror coudé at a 


dispersion of 2.0 A/mm. New interstellar CH lines 
were found at 3137.53 and 3146.00 A, and a very 
weak predicted line of CH* at-3447.08 A. The search 
for lines of Cui, CO*, and N,* led to negative results. 
A search for NH, lines in the red at 4.0 A/mm was 
also unsuccessful. In the region from 5700-6800 A, 
heavily reddened O and B stars show a number of 
new diffuse interstellar lines on plates taken at 16 
A/mm. The work is being extended into the 4500- 
5500 A region and into the photographic infrared. 
Herbig has examined at 4 and 16 A/mm the spec- 
tra of a number of early-type stars embedded in or 
seen through heavy dark clouds, and has found no 
trace of interstellar or circumstellar Lit. The object 
was to test the hypothesis that the strong Li lines in 
T Tauri stars might be produced from lithium pres- 
ent in the dust, rather than produced by nucleo- 
synthesis in stars formed from the dust clouds. 
Woolf is studying the structure of interstellar 
lines with a pressure scanning Fabry-Perot inter- 
ferometer at the coudé focus of the 120-inch tele- 
scope. It has been operated over the range 3700 to 
4300 A, with a resolution of 0.08 A. The multiplier 
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phototube on the plateholder of the 160-inch come 
registers 1200 counts per minute from a 7th mag 
star, with a dark rate of 200 counts per minute. 
ecco channel is used to monitor the variation «| 
the light passing through the 2-sec-wide slit. Scit} 
tillation and motion of the star on the slit is thus fa) 
not completely compensated, however, and this effec} 
is at present the major source of inaccuracy. Th 
counter totals are registered for each fifth of th) 
instrumental half-width. Profiles of the interstellaj 
K line are being accumulated to determine whethe 
the wings of these lines are filled out by weak com} 
ponents caused by small clouds. Observation of ver} 
weak interstellar linés, predicted but not yet observed} 
may be possible. The work is being supported bi} 
the National Science Foundation, with Whitford 
responsible. | 

Woolf has used spectra obtained at Pretoria fo} 
a study of the region around the O-type star Hersche 
Sein the AN clout gas, of typical density 10) 
atoms/cm*, apparently surrounds the star. Ionized 
and neutral regions are intermixed in the gas cloud| 
which has a total mass far less than that of the star 

Colors, Spectrophotometry. Stebbins and Kror 
have checked certain stars of the six-color photometry 
against a new standard lamp received from the 
Landecternwartet in Heidelberg, and have found tha: 
the previous color temperatures for stars were noi 
appreciably changed. The bluest star in the program 
» Columbae, observed at the Mt. Stromlo Observa- 
tory, has a temperature of about 40 000°K. 

Whitford and Sears have continued their six-colo1 
photometry of high-velocity stars and subdwarfs 
Objects as faint as visual magnitude 12 can be 
reached at the Crossley reflector with an RCA 7102 
multiplier phototube. Subdwarfs having the sam« 
temperature as Hyades dwarfs, as judged by the 
green-red-infrared colors, have been compared - ir 
the blue, violet, and ultraviolet for metal-abundane 
effects. Blanketing lines on the U—B vs B—V plan 
were derived by comparing the published colors o 
the subdwarfs on the standard three-color UBV sys 
tem with the UBV colors of Hyades stars having the 
same green-infrared indices as those observed for thi 
subdwarfs. The resulting lines are steeper than thos 
derived by Sandage and Eggen by detailed integra 
tion of lines in a solar-type spectrum. Stars ob 
served to have large ultraviolet excesses, relativ 
to Hyades dwarfs having similar green-infrarec 
colors, include HD 6755 (F9V), HD 64090, HI 
103095, HD 122563, HD 195536, and HD 250792 
All of these were classified as G dwarfs by Mis 
Roman. 

Galaxies. Spinrad completed his study of th 
spectra of galaxies in the visual and red regions 
Spectra of the nuclear regions of 32 systems, ob 
tained in part at the Kitt Peak National Observatory 


were compared with similar low-dispersion spectra 
of giant and dwarf stars. From the strength of the 
D lines, the Mg b lines, and the Car line at 6162 A, 
there is evidence of a considerable contribution of 
dwarf stars to the light of certain E, Sa, and Sb 
galaxies in the visual-red region. The galaxies show- 
ling this characteristic are systematically more lumi- 
‘nous and more massive than the systems with pure 
giant spectra. 

| Whitford and Sears have observed about two 
dozen galaxies on the six-color system at the Crossley 
reflector. The measures included only the nuclear 
‘region in order to be comparable with the spectra 
‘obtained by Spinrad, Mayall, and others. The gal- 
axies which show strong D lines are systematically 
slightly redder than those with pure giant spectra. 
| Geoffrey and Margaret Burbidge photographed 
galaxies which are known or suspected radio sources. 
‘They also photographed interacting double systems, 
and systems with unsymmetrical structure. 

_ Vasilevskis has been collaborating with C. R. 
‘Lynds of the National Radio Astronomy Observa- 
‘tory at Green Bank in the photography of radio 
“sources. 

_ Miscellaneous. Vasilevskis and Balz have initiated 
'a program of trigonometric parallaxes with the auto- 
“matic camera on the 36-inch refractor. Stars as faint 
“aS Mpy=16 are being included. The preliminary list 
‘contains white dwarfs, red dwarfs, and U Gemi- 
norum variables. 


A. E. Wuirrorp, Director 


‘Louisiana State University Observatory, Baton 
- Rouge, Louisiana 


Personnel. John Nelson Hubbell, Jr., served as 
Associate for the academic year, teaching the ele- 
mentary astronomy classes. He will report this fall 
to active duty in the armed services. William V. 
_Ellerbe, on leave from the University of Southwest- 
ern Louisiana, will be Instructor for the coming 
year. The teaching assistants were Fred E. Ellis and 
William Beard. The planetarium demonstrations 
were given by Joseph Mickel. 

Research, Grenchik and Dreher performed calcu- 
lations of the zodiacal light intensity using the full 
Mie formulas with totally reflecting spherical par- 
ticles of two sizes 10°? cm and 5x10-* cm. The 
Scattered light intensity was then cut down by as- 
suming an albedo of 0.07. It was learned that the 
published particle densities would have to be re- 
duced considerably so that the calculated intensities 
compare with the observed. 

Theodore Fay and Louis Holdeman, on a summer 
undergraduate research participation program spon- 
sored by the National Science Foundation, have 
begun a search for ultrashort-period variable stars 
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using the eight-inch f/2 Schmidt camera, which 
covers a field of about 80 sq deg. Photographs were 
taken for time intervals of 40, 80, and 120 minutes. 

Hubbell made some preliminary investigations into 
the problem of the emission variability in Be stars. 

Teaching. The enrollment in elementary classes 
rose to about 600. The advanced classes of Introduc- 
tion to Solar System Astrophysics, Astronomical 
Photometry, and Spherical Astronomy drew a total 
of 35 students. Grenchik conducted the Astronomy- 
Physics section of the summer program for high 
school science students on the L.S.U. campus. 
Masters’ degrees were awarded to Percy E. Dreher, 
Jr., and John Nelson Hubbell, Jr. 

Miscellaneous. Observatory open houses during 
the year were conducted by Theodore Fay. The 
attendance was swelled greatly after the new plane- 
tarium was installed in April. Joseph Mickel gave 
demonstrations to the public for the open houses 
and also during the day. 

Fred Ellis took part in a program of Observa- 
tional Astronomy at Harvard this summer. 

Visitors for the year were Dr. Arne Slettebak, 
Director of the Perkins Observatory, Ohio State 
University, Dr. Frank B. Wood, Director of the 
Flower and Cook Observatory, University of Penn- 
sylvania, and Dr. Arlo Landolt, Indiana University. 
Dr. Landolt will join the staff at L.S.U. in Sep- 
tember 1962. 

RayMonp T. GRENCHIK, in charge 


Lowell Observatory, Flagstaff, Arizona 


PERSON NEL 


An addition to the staff was Alois Purgathofer. 
The following were on temporary appointment : Rob- 
ert Ayers, Sharon Cox, Philip Downum, Richard 
Hall, and Jeffrey Schauer. Resignations from the 
staff were Patricia Laber, Marjorie Sinton, Marie 
Tombler, Robert Neville and I. M. Dryer. Guest 
investigators were William Cannell, John DeWitt, 
Henry Fliegel, W. Kent Ford, Jr., Otto Franz and 
Donald McBain. The late Paul Merrill visited Lowell 
in May and early June to advise with regard to 
spectroscopic work with image tubes. 


PHYSICAL PLANT 


The substructure and dome for the Perkins re- 
flector were completed in April 1961. The 69-inch 
telescope and ancillary equipment were moved from 
Delaware, Ohio to the new structure on Anderson 
Mesa 10 miles southeast of Flagstaff one month later. 
The Lowell Observatory, with the help of an NSF 
grant is responsible for the transfer of the telescope. 
Observing time is to be shared equally by the staffs 
of the Perkins and Lowell Observatories. 
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PLANETARY STUDIES 


W. M. Sinton observed two eclipses of the moon 
with the pyrometer attached to the 42-inch reflector. 
During the eclipse occurring on September 5, 1960 
he confirmed the findings of Shorthill, Borough, and 
Conley (paper presented at the June 17, 1960 meet- 
ing of the Astronomical Society of the Pacific) that 
the crater Tycho was 30° to 40° C warmer than its 
surroundings during the umbral phase. His obser- 
vations indicate a surface that has a thin layer of 
dust on top of rock. During the eclipse of March 2, 
1961 he observed 11 other rayed craters and found 
the same phenomenon for most of these; the crater 
floors were warmer than their surroundings. 

In December 1960, Sinton was a guest investi- 
gator at the Mt. Wilson and Palomar Observatories 
and observed Mars with an infrared spectrometer 
attached to the 200-inch Hale reflector. His earlier 
observations of organic absorption bands in the dark 
regions of the planet were confirmed and a study 
was made of the martian CO, bands at 2. The 
amount of CO, derived from this study is similaf to 
that found by Kuiper. In addition to the observa- 
tions of Mars, spectra of five bright stars of different 
spectral types were obtained in the 1- to 4-p region. 

The same spectrometer was also used with the 
Lowell 42-inch reflector to obtain observations of 
Venus. A weak, but definite, indication of the carbon 
monoxide band at 2.35 » was found; the amount ob- 
served is in the vicinity of 15 cm atmospheres. The 
spectrum of sunlight reflected from Venus also 
showed a broad absorption beyond 2.9. This is 
possibly caused by absorption by ice crystals in the 
cloud layer of the planet. Sinton was also able to 
measure the thermal emission at 3.75 from the 
dark hemisphere of the planet during inferior con- 
junction in April, 1961. From these measurements 
and comparisons with the emission of blackbodies 
and from Mercury, he derived a temperature of 
—37° C, a value which is in good agreement with 
that found near 10 p. 

Infrared spectra of Mercury and late-type stars 
were obtained with the 42-inch telescope. 

An interferometer, constructed with the aid of a 
grant from the Research Corporation is nearing 
completion. It should produce planetary and stellar 
spectra between 1 and 4 with much higher resolu- 
tion than is now obtainable with the infrared spec- 
trometer mentioned previously. 

Marjorie K. Sinton performed UBV photometry 
of Venus near superior conjunction in 1960. She 
also observed Mars photoelectrically on 38 nights 
during its recent apparition. The observations of 
Mars were made in UBV and with a green filter to 
test whether a “blue clearing” could be found by 
photoelectric methods. The negative results may 
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stem from the fact that there were only minor blu 
clearings during the period of her observations. 

The photographic history of Mars being compile 
by E. C. Slipher was nearly completed. Donald Mj 
Bain of the National Geographic Society spent sey 
eral weeks at the Observatory in January and Fel 
ruary and rendered valuable assistance in preparin 
the composite photographs in a form suitable. fc 
publication. The photographic work was complete 
in May and the first draft of the manuscript w 
finished in June. 

The planetary studies described above were suf 
ported in part by-two Air Force contracts. 


SOLAR VARIATIONS 


Serkowski completed a very thorough aatistian 
analysis of the photoelectric observations of Uranu 
and Neptune made at the Lowell Observatory fror 
1953 to 1961. This study included the rereduction ¢ 
a substantial fraction of the observations, the deter 
mination of the extinction and transformation co 
efficients on all nights having sufficient data for thi 
purpose and the computation of mean errors when 
ever this proved feasible. The methods which he use 
in the reduction of these two-color photometric ob 
servations are to be described in a forthcomin: 
Lowell Bulletin. 

No systematic changes in the observed brightnes 
of the 16 standard stars, observed over a seven-yea 
period, was found. The rms deviation of the yearh 
mean blue magnitude for none of these stars ex 
ceeds =0™ 009. 

No systematic change in the blue magnitudes o 
Uranus and Neptune over a period of nine opposi 
tions is obtained if the following conditions are ful 
filled: (1) the gradient of the effective energy dis 
tribution in the spectrum of each of these planet 
within the blue filter spectral region is assumed .t 
be the same as for the star with the same B—V colo 
index as the planet, and (2) with regard to Uranu 
only, the photometric effects due to its oblateness ar 
half as great as those for the uniform distribution 
brightness over the apparent disk of the planet 
Detailed observations of the effective energy distri 
bution from Neptune should add considerable weigh 
to the significance of the available data. The lim 
darkening of Uranus, and hence the photometri 
effects of its oblateness, should also be determine: 
in order to relate the measures of Uranus mor 
closely to solar variation. The work on solar varia 
tions has been supported in part by an Air Fore 
contract. 


PROPER MOTION 


The proper motion survey of the northern hemi 
sphere utilizing the 30-year-old plates taken with th 
13-inch photographic telescope was continued b: 
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‘ie. Giclas, Robert Burnham, Jr., and Norman 
(homas. The results from the second set of 50 
legions of the survey are contained in Lowell Bulle- 
lm No. 112. When these data are combined with 
jhose from the first 50 plates (Bulletin No. 102) 
Giclas found that the total number of stars listed in 
his survey is 3617. Of these 2209 are newly dis- 
tovered stars with motions greater than 0/26/year. 
Of these 322 have motions exceeding 05 per year 
and 22 have motions greater than 1”/0/year. The 
aumber of stars suspected to be white dwarfs is 57. 
The number of minor planets so far observed is 547 
aud the number of comets is 4. An NSF grant has 
made this work possible. 


IMAGE TUBE PROJECT 


The long-period red variable star program was con- 
tinued by Fredrick. Of particular interest are his 
studies of the changes with phase of the /O bands 
between 10 460 and 10565 A in the Me-type stars. 
Densitometer tracings reveal a molecular absorption 
at 10620 A suspected as being due to TiO. The 
present 12-inch camera does not yield sufficient dis- 
persion to study these bands in detail so a 24-inch 
camera is being mounted which will give a dispersion 
of 23 A/mm. Provisional tests using a slotted mica- 
window magnetically focused image converter with 
an S1 cathode were made and show that a resolution 
of 30 line pairs/mm has been achieved over a region 
covering 1000 angstroms at a dispersion of 46 A/mm 
at 1p. 

John DeWitt and William Tifft tested the Dyer 
Observatory’s orthicon equipment of the DTM spec- 
trograph during June. An appreciable speed gain 
with acceptable resolution was obtained for stars 
brighter than the 5th visual magnitude, but both the 
gain and resolution fell off for stars fainter than this. 
The orthicon tube had a multialkali cathode and the 
Spectra were widened by means of a special wobbulat- 
ing circuit. These tests will be continued in the fall 
of the coming year. 


OPEN CLUSTER PROJECT 


_ The final reductions of the observations made in 
connection with this program, involving the colors and 
magnitudes of stars in 70 open clusters, were com- 
pleted. These were carried out in part at the Lowell 
Observatory and the remainder were completed 
either at the Naval Observatory or at the University 
of Texas. Two papers were prepared for publication. 
One, by the Naval Observatory, which includes the 
basic photographic and photoelectric data, is to ap- 
pear as U. S. Naval Observatory Publications, Vol. 
17, Part 7. The second, involving the discussion, is 
to appear at the same time, as Lowell Bulletin No. 
113. The authors of the discussion are H. L. Johnson, 


A. A. Hoag, B. Iriarte, R. I. Mitchell, and K. L. 
Hallam. This project was carried under an ONR 
contract. 


PHOTOELECTRIC WORK 


Color Photometry. A. Purgathofer has begun a 
series of photoelectric observations in the UBV sys- 
tem of stars to serve as standards in selected areas 
which are to be used in conjunction with photo- 
graphic work of W. Becker. He has nearly completed 
a series of BV observations of the eclipsing binary V 
401 Cygni. 

H. J. Fliegel observed several short-period eclips- 
ing binaries in three colors defined by three inter- 
ference filters. 

K. Serkowski carried on UBV photometry for 
more than 100 stars in J. Stock’s cluster in Perseus. 

Polarization Measurements. K. Serkowski used the 
21-inch reflector for measures of polarization of star- 
light by the dc method. Stars in open clusters were 
observed because they are most suitable for investi- 
gating the relationship between interstellar polariza- 
tion and extinction and for the determination of the 
microscale of fluctuations in the galactic magnetic 
field. Polarization of stars in the following open 
clusters was observed: Stock’s cluster in Perseus 
(about 100 stars), Double Cluster in Perseus (35 
stars in central regions), NGC 1893 (20 stars), 
NGC 2422 (25 stars), NGC 6823 (25 stars), NGC 
6871 (20 stars), and Association VI Cygni (30 
stars). Moreover, polarization of some stars in M25 
was measured in addition to measurement mentioned 
in the previous annual report. Measurements in clus- 
ters were accompanied by nearly 200 measurements 
of polarization standards listed in Lowell Bulletin 
No. 105. 


MISCELLANEOUS 


A review article on polarization of starlight was 
written by J. S. Hall and K. Serkowski for Stars and 
Stellar Systems. Another, more extensive, review ar- 
ticle on polarization was written by Serkowski for 
Advances in Astronomy and Astrophysics (edited by 
Z. Kopal). This contains the results of the detailed 
statistical discussion of all the available observational 
data on stellar polarization ; the computations for this 
discussion were made by Serkowski. 

The formulas for determining the differential limb 
darkening of eclipsing binaries from the least-squares 
solution for color-index observations were derived by 
Serkowski and a table facilitating such computations 
was prepared. 

A polarimeter involving the use of a quarter-wave 
plate, a Baird variable-retardation plate and an an- 
alyzer was designed and partially tested in the 
laboratory. A high-voltage frequency of 1390 cps was 
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applied to the retardation plate with the expectation 
that the ill effects of scintillation might be diminished 
for measures on bright stars. 


Joun S. Hatt, Director 


The Observatories of the University of Michigan, 
Ann Arbor and Pontiac, Michigan 


PERSON NEL 


This has been a year of significant change in the 
leadership of the Observatories. Dr. Leo Goldberg 
resigned, effective September 1, 1960, bringing to 
an end a directorship of 14 eventful and fruitful 
years. On July 1, 1961, Dr. Robert R. McMath 
became Director Emeritus of the McMath-Hulbert 
Observatory and Professor Emeritus of Astronomy. 
Happily, this event does not terminate his active asso- 
ciation with the affairs of the solar observatory which 
is, in such large measure, his creation. It is impossi- 
ble to summarize, within reasonable compass, the 
contributions made by Drs. McMath and Goldberg 
to the development and productivity of the Depart- 
ment of Astronomy. Only a reading of the successive 
annual reports of the Observatories suffices to give 
an appreciation of what has been accomplished. 

Dr. Miller continued as Associate Dean of the 
School of Graduate Studies, with a one-third time 
appointment in the Department of Astronomy, and 
served as Acting Chairman of the department. In 
May 1961, Professor Fred Haddock was designated 
as Director of the University of Michigan Radio 
Observatory, which includes the 28-ft and 85-ft 
radio telescopes at Peach Mountain and the Space 
Radio Astronomy Laboratory on campus. 

Drs. Aller and Mohler were on leave throughout 
the year. In the absence of Dr. Mohler, Dr. Prince 
served as Acting Assistant Director of the McMath- 
Hulbert Observatory. Dr. William Liller resigned 
effective June 1960. Professor Herman Zanstra con- 
tinued as Visiting Professor in the first semester. 
The following accepted appointments as ‘lecturers: 
Dr. Alan Barrett for the academic year, Dr. Edith 
Muller for the second semester, Professor Wilfred 
Kaplan (Department of Mathematics and The Insti- 
tute of Science and Technology of the University of 
Michigan) for the second semester. 

Dr. Kenneth M. Yoss, Associate Professor, Mt. 
Holyoke College, served as Visiting Lecturer in the 


Summer Session, 1960. Dr. Stanley J. Czyzak, Pro- 


fessor of Physics, University of Detroit, spent the 
academic year at the Observatory as an NSF Faculty 
Fellow. 

At the McMath-Hulbert Observatory, Miss -E. 
Ruth Hedeman was appointed Research Associate 
in the Department of Astronomy in September 1960 
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and Dr. Richard G.-Teske joined the staff as | 
structor in the same month. \ 

Dr. J. S. V. Allen, associated with Bethany C|- 
lege, Department of Physics, joined the Space Rajj 
Astronomy project for the summer of 1960 to ci- 


in-flight calibration ok radiometeel Dr. Paul % 
Simon, of the Meudon Observatory, France, joit) 
the Radio Astronomy project for the period jf 


summer of 1960. He developed a ae ‘7 
self- calibrating radiometer at 3-cm wavelength usil) 
solid-state noise sources. The following visitors | ly 
the Radio Observatory gave colloquia: Dr. K. | 
Franklin, Associate Astronomer, Hayden Pla} 
tarium, Dan Harris, with the California Institt) 
of Technology Radio Astronomy Project, F. 
Kerr, on the staff of the Radiophysics Laboratel 
C.S.I.R.0., Sydney, Australia, Dr. T. K. Meng 
Astronomer, National Radio Astronomy Obsery} | 
tory, Green Bank, West Virignia, John D.: Muy 
ray, on the staff of the Radiophysics Laboratot 
C.S.I.R.O., University Grounds, Sydney, Austra 
C. L. Seeger of the Department of Electrical En 
neering, Stanford University, Palo Alto, Californi} 

The following graduate students served as par| 
time teaching and research assistants during the pa} 
year at the Observatory: Stephen M. Adler, Pet 
B. Boyce, Richard C. Canfield, Robert D. Chapma' 
Anne Pyne Cowley, Charles R. Cowley, John I 
Dickel, David F. Gray, Robert W. Hobbs, John ( 
Kirk, Gretchen S! Klein, Roger A. Kopp, Stephe 
P. Maran, Helene Ramseyer, William F. Smitl 
Robert G. Tull, and Lloyd R. Wackerling. . 

At the McMath-Hulbert Observatory, R. Jayar 
than from the Kodaikanal Observatory was Researc 
Assistant during the summer of 1960 and the sprin 
of 1961. The student observing assistants durin 
the months of June, July, and August 1960 wer 
Kopp, Martens, Moss, and Miss Higgins. 


Tue Osservatory, Ann Arbor, Michigan 


BUILDINGS 


Intensive planning of the new Physics-Astronom 
building, initiated under the chairmanship of D.: 
Goldberg, continued, and construction has begut 
This will be a 10-story structure located centrall 
on the campus; the Department of Astronomy wi 
occupy the upper three floors, which will provide th 
facilities described in last year’s report. The Of 
servatory Shop was transferred, during the year, t 
the North University Building, where ample spac 
is provided for this essential activity. The space 1 
the Observatory previously occupied by the Sho 
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is been converted to much-needed offices for the 
“aff. During the summer of 1960, an 800 sq ft build- 
ig was erected at the Radio Astronomy Observa- 
|ry to house service and repair equipment. The 
rounds have been improved by landscaping and 
aving. 


: ] INSTRUMENTAL 


"Photoelectric S pectrophotometer. The double-beam 
_ hotoelectric spectrophotometer for use on the Fran- 
‘is C. McMath reflector was completed by Tull, 
“Dickut, and Foerg, and is now undergoing final 
,| djustments on the telescope. 

d. Radio Astronomy. During the past year investiga- 
_ ions have been under way to install digital equipment 
- vhich will record, in a form suitable for computing 
_nachine reduction, the coordinate positions, time, and 
. adiometer output teadings. The radiometer output 
“igital | equipment is now in operation and the se- 
,_ lence timing equipment necessary for congruous op- 
ration of the radio telescope has been completed. 
An antenna angular digital output with an error of 
less than 5 sec of arc is desired to exploit the inherent 

“pointing accuracy of the radio telescope. 
| At present, three operating radiometer systems are 
installed on the 85-ft reflector: The traveling-wave 
“tube radiometer receives from 7500-8500 Mc and has 
r2 sensitivity of about 0.1° K in 10 sec. The crystal 
detector Dicke radiometer has a bandwith of 10 Mc 
at 16 kMc and a sensitivity of about 1.0° K in 10 sec. 
The maser radiometer has a center frequency of 8.7 
kMe. The bandwidth at present is 8 Mc. A new iff. 
“amplifier will be installed shortly to increase the 
, bandwidth to 20 Mc. The effective noise temperature 
_ of the entire maser system is about 100° K. 
| It is planned to install a radiometer on the 85-ft 
jantenna having center frequency of 800 Mc to study 
| galactic sources and continuum background radiation. 
| Construction of the equipment is partially completed. 

Sweep frequency receivers are installed on the 
| 28-ft reflector for solar-burst studies covering the 
“spectrum from 110-580 Mc and are in continuous 
“daily operation. The receiver which sweeps from 2 

to 4 kMc has been in intermittent operation during 
the past year. At present its routine operation has 
been discontinued as a result of the declining activity 
of the sun in this part of the spectrum. 

The effects of cumulus clouds on observations at 
8.0 kMc have been investigated by correlating the 
outputs of the 8 kMc receiver and a micron wave 
IR radiometer. 


: 


OBSERVING PROGRAMS 


37-inch Reflector. A total of 229 spectrograms 
was taken during the interval June 3, 1960, to May 
10, 1961, distributed as follows: 
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Be stars 74 
Composite spectra 36 
Other spectroscopic binaries 19 
Peculiar spectra and nebulae 12 
Lacerta association 57 
Type stars and miscellaneous 26 
Nova Herculis 1960 5 


Radio Astronomy. The 100-600 Mc sweep receiv- 
ers have been operated daily during the past year in 
order to obtain dynamic solar spectra of any unusual 
or outstanding solar radio bursts. The 2000-4000 Mc 
sweep receiver has been in occasional operation dur- 
ing the year. 

The 85-ft radio telescope is in operation at wave- 
lengths near 3 and 1.8 cm for observing microwave 
emission from the sun, moon, planets, galactic and 
extragalactic radio sources. . 


SUMMARY OF RESEARCH WORK 


Radio Astronomy. Working with the University of 
Michigan dynamic spectra of solar radio bursts in 
the ranges 100-600 Mc and 2000-4000 Mc, and with 
data from other observatories in different frequency 
ranges, Dr. Kundu has obtained the following re- 
sults. Dynamic spectral observations of centimeter 
wave bursts show that the burst emission is a broad- 
band continuum, similar in nature to meter-wave 
type IV and type V emission. Type IV continuum 
emission in the range of frequencies 25-580 Mc 
occurs in two distinct phases: (a) the first phase, 
usually observed at frequencies higher than about 
250 Mc, appears to be an extension of the asso- 
ciated centimeter-wave burst which is also a broad- 
band continuum emission. The observed properties of 
this phase of continuum emission are consistent with 
the suggestion that it is caused low in the chromo- 
sphere by synchrotron radiation of electrons gener- 
ated during the flare. (b) The second phase, usually 
observed at frequencies lower than about 250 Mc, 
is closely associated with a type II burst preceding 
it. This second phase of type IV emission was pre- 
viously explained as due to synchrotron radiation of 
electrons higher in the corona, when a cloud of gas 
with a shock front (which excited the type II burst) 
moving at high velocities carries a frozen-in mag- 
netic field to the appropriate heights in the corona. 

B. Gary and G. Newsom have mapped the sun 
with the 0.1 deg pencil beam at 3.75-cm wavelength 
using the 85-ft telescope. The solar maps show the 
location of hot spots of emission similar to those ob- 
tained by others at 21 cm and at 10 cm. A series of 
maps shows the hourly variations of emission of the 
hot regions. Dr. Kundu is conducting a similar series. 
of observations at wavelengths of 1.8 cm with a 
0.05 deg pencil beam. 

Detection of 3.45-cm radiation from the planet 
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Saturn has been accomplished with a ruby maser 
radiometer, installed on the 85-ft telescope by J. J. 
Gook, &. G. Cross, Vin Be Bairs ands @. BaeArnold: 
The initial detection on August 25-26, 1960, re- 
sulted from seven drift curves. Although the deflec- 
tion at the predicted position of the planet is visible 
on a single drift curve, the observation was repeated 
five days later to eliminate any possibility of con- 
fusion with radiation from other extraterrestrial 
sources. The confirmation was excellent. The aver- 
age antenna temperature of 0.095+0.02° K indicates 
an equivalent blackbody disk temperature of 106 
+21° K, neglecting the possible radiation from the 
rings. This value is in reasonable agreement with 
that predicted from optical measurements. 

G. Newson has observed Venus during the first 
quarter of 1961 on a regular basis to search for 
variations in emission, presumably thermal in origin 
at 3.75-cm wavelength. The equivalent brightness 
temperature at this wavelength was constant within 
6.5% from January 1 through March 31, 1961. No 
evidence has been obtained of any variation from 
published values of 580° K for the brightness tém- 
perature. 

Drs. Howard and Barrett and Professor Haddock 
have detected the planet Mercury at 3 cm. The an- 
tenna temperature of the average of 49 drift curves 
is about 0°05 K, before correction for time constant. 
This results in an equivalent blackbody temperature 
of about 400° K, from which the subsolar point tem- 
perature of the planet T,, reduced to mean solar 
distance, can be estimated. If the temperature dis- 
tribution of the sunlit surface of Mercury varies as 
T, cos’/* 6, where @ is the angle of incidence of solar 
radiation on Mercury’s surface, then T, is derived 
to be 1200+450° K. 

A number of known meter-wave radio sources 
have been measured for the first time at 3 cm, in- 
cluding Hydra A and Tycho Brahe’s supernova, 
which are easily seen on a single scan with the ruby 
maser radiometer. 

Microwave radiation from the planetary nebula 
NGC 6543 has been detected by Drs. Barrett and 
Howard and Professor Haddock using the 85-ft 
telescope and the maser receiver operating at 3.45-cm 
wavelength. Observations taken on the nights of 
March 28-29, 1960, and May 18-19, 1960, give an 
antenna temperature of 0.034+0.013° K correspond- 
ing to a flux density of 4.0x 10-7 w m?(cps) with 
an internal consistency of +40%. 

R. Hobbs has made a number of scans across the 
gaseous nebula M8 at 43.75 wavelength with the 
85-ft telescope. At this wavelength, Mg appears to 
be 18° arc across E-W, which is comparable with 
the optical size. The scans are asymmetrical with the 
preceding edge appreciably steeper. Preliminary scans 
across M20 and M16 have been made. 
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of the Rosette nebula, NGC 2237-9, show a numbe| 
of interesting details. In particular, the contral hol} 


closely in size and position with the Ha light pict 
indicating an actual density decrease. The radio isc} 
photes correlate well with the Ha emission on nebtj 
lar line pictures. The peak antenna temperature i 
about 0°25 K. “| 

Dr. Howard has investigated both theoreticall} 
and, empirically the reduction in amplitude, tim) 
delay in reaching the peak, and the broadening ¢ 
drift curves which result when a radio source i 
scanned with a Gatissian antenna beam with a non} 
zero receiver time constant. 

Dr. Howard, assisted by Miss H. Ramseyer, ij 
investigating the supernova remnant IC 443 at 3.7) 
cm using the 85-ft radio telescope. Radio isophote} 
of this object are centered on the nebulosity and thi) 
flux density is probably not inconsistent with thi 
expected value which was obtained by extrapolatioy 
from lower frequencies. Preliminary analysis of th} 
records does not show the radio extension to th 
northeast of the source which was reported Db 
Heeschen and Wanner in the 1420 Mc continuum 

Dr. Howard and H. Rood are investigating thi 
shape of the radio spectrum of abnormal galaxie} 
between 38 and 960 Mc. Preliminary analysis showy 
that the shape of radio spectra of unidentified non 
thermal sources appears to be indistinguishable fron’ 
that of identified nonthermal sources. There is some 
suggestion that the flux densities at the low-frequency} 
end of the spectrum may be systematically highei| 
than a constant spectral index applied to the middlq 
frequency range would predict. i 

Observations at 1.8 cm with the 85-ft radio tele} 
scope have been continued and extended by Dr’ 
Barrett. The beamwidth has been determined to- be 
3.0 minutes of arc by scanning Venus near its Apri} 
1961 conjunction. Considerable data have been taker 
and reduced on the following sources: Cas A 
(23N5A), Tau A (O5N2A), Cyg A (I9N4A); 
Orion (O5SOA), and M17 (18S1A). From these 
data source sizes and fluxes relative to Cas A, cor- 
rected for source size, have been determined. The 
sources appear to be circularly symmetric, assuming 
a Gaussian shape, with the exception of Cyg A, 
which is extended in the E-W direction. The inte- 
grated fluxes from both M17 and Tau A exceed 
Cas A at 1.8-cm wavelength. 

A model of the Crab nebula was developed by 
R. Chapman based on the radio and optical emission 
spectrum, the change in size with frequency a con- 
centric spherical shell geometry and a uniform mag- 
netic field. The relativistic electron density and spec- 
tral index as a function of radius was derived. 


The Radio Astronomy Project received principal 
financial support from the Office of Naval Research. 

Stellar and Nebular Spectroscopy. Dr. Aller spent 
the period June 1960 to June 1961 at the Mt. Stromlo 
Observatory, University of Australia. He devoted 
‘his time primarily to a program of observations (in 
“collaboration with D. J. Faulkner) with the Uni- 
versity of Michigan photoelectric spectrum scanner. 
‘Measurements of energy distribution were made of 
i) a number of southern stars including a and 8 Crucis, 
©) a and B Centauri, a Pavonis, 7 and ¢ Scorpii, a Gruis, 
a Sculptoris, x and 41 Eridani, £ Puppis, y, and y, 
Velorum, 7, Gruis, RY Sagitarii, » Carinae, and 
» RR Telescopii. The measurements of these stars 
were related to northern and equatorial standards by 
| additional observations. 

Observations of gaseous nebulae formed Dr. Al- 

/ ler’s major program. The objects included nebulae 

in the Magellanic Clouds, and 16 southern plane- 

‘taries. Efforts were made to study the intensities of 

the stronger lines, the ratio 44363/(N,+N,), and 

absolute brightnesses of the nebulae. In some in- 
stances it was possible to measure the energy dis- 
tributions in the spectra of central stars. 

. Under Dr. Aller’s supervision, D. J. Faulkner is 

making a detailed study of isophotic contours and 

spectra of the 30 Doradus and 7 Carinae nebulae. 

In collaboration with Dr. T. Dunham, Jr., Dr. 

} Aller has obtained with the coudé spectrograph, 

| spectra of helium stars, RR Telescopii, » Carinae, 

| and two bright southern planetaries, in order to study 
composition, and excitation and ionization levels. 
|The following investigations were carried out by 
| Dr. McLaughlin, or by graduate students under his 
supervision as indicated: 

Many spectrograms of Be stars have been meas- 

ured on this program, including long series on 105 

_ Tauri and 120 Tauri, both of which show slow V/R 

_ variations. A series on 48 Librae, made with disper- 

| sion 19 A/mm at Hy, covering the interval 1952 to 

1961, has been measured. Continued studies of spec- 
tral variations of w Aquarii and 8 Monocerotis have 
been carried on. 

| Numerous measures have been made of spectro- 

: grams of DK Lacertae 1950, bringing a general 

| study of that nova near to completion. 

~ Inan attempt to identify supernova emission fea- 
tures, some experiments on broadening of Wolf- 

| Rayet spectra were carried out. Some encouraging 

| similarities were noted between the spectra of type I 
supernovae and broadened spectra of HD 192163 
(WN6). Stars of the carbon sequence match super- 
novae less satisfactorily. 

_ B., Peery has completed a study of the atmospheric 
eclipse stages of VV Cephei during its eclipse in 
1957, 

S. Maran has measured a series of spectrograms 
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of the RV Tauri variable U Monocerotis for radial 
velocity variations. 

L. Wackerling has studied the spectral variations 
of the Be star X Persei. 

Mrs. Vida Wittasek has measured a series of 
spectrograms of 7 Geminorum, covering the interval 
1952 to 1961, for determination of the orbital ele- 
ments. 

Galactic Structure. Dr. Howard and R. Canfield 
continued their investigation of the radial velocities 
of two groups of A-type stars in the OB Association 
I Lacertae, in an attempt to determine if either of 
these two groups are members of the Association. 
The necessary spectrograms were taken with the 
37-inch reflector. 

Hydromagnetics. Dr. Wentzel has continued his 
research on the motion of charged particles in hydro- 
magnetic waves, and on the possible effects on stellar 
structure of strong internal magnetic fields. 

Gaseous Nebulae. Dr. Stanley J. Czyzak, NSF 
Faculty Fellow, engaged in a program of theoretical 
research on the forbidden lines in gaseous nebulae, 
computing Hartree-Fock radial wave functions for 
the various ions, to obtain collision cross sections and 
collision strengths. 

Comets. Dr. Miller analyzed the series of photo- 
graphs of Comet Burnham (1959) taken in the 
spring of 1960, and carried out a comparison of the 
observational data with theoretical models of the 
comae of comets. 

Space Radio Astronomy. A high-altitude rocket 
shot is planned for fall 1961, using a four-stage solid 
fuel Journeyman (Argo D8) vehicle which will 
carry 75 lb of payload, including nose cone, to 
approximately 2500 km height. Three receivers at 
frequencies of 2.0, 1.2, and 0.7 Mc will be coupled 
to a common antenna which consists of two 16-ft 
whips extended in flight. The receivers operate simul- 
taneously and data is telemetered in real time. H. F. 
Schulte and J. W. Kuiper, Associate Research Engi- 
neers, are carrying out the engineering design and 
construction of this experiment. 

Measurement of the cosmic background brightness 
temperature averaged over the antenna beam will be 
made, and suitable in-flight calibration is planned. 

Dr. D. Walsh, Associate Research Physicist, has 
been investigating the ionospheric focusing of galactic 
noise. Since the antenna will be an electrically short 
dipole, it will have negligible inherent directivity. 
However, the directional characteristics will be sub- 
stantially modified by the refraction of the ionized 
medium above the F region. The effective polar dia- 
gram is restricted to an “escape cone” centered on 
the local zenith, which is very narrow when the 
vehicle is immediately above the level where the 
local plasma frequency is equal to the operating re- 
ceiver frequency and increases with altitude. The 
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results of analysis suggest the possibility of obtaining 
considerable gain and resolution with simple an- 
tennas in the region of 1 Mc. 

In connection with the above program, Dr. Walsh 
is examining various models of the galaxy to deter- 
mine their appearance at frequencies in the region 
of 1 Mc and less. A range of models of distribution 
of ionized gas in the plane and in the corona is being 
investigated, and the effects of scanning the models 
with various beams is being examined. This work 
will be continued on an electronic digital computer. 
It is hoped that a guide to critical experiments and 
a basis for analysis of future observations will be 
obtained. 

Dr. Walsh and J. Kaler have completed a detailed 
critical survey of the galactic background radiation 
in order to carry out the above program. 

Funds for the Space Radio Astronomy project 
continued to be generously provided by NASA under 
contract. 


INSTRUCTION 


Twenty-eight graduate students in astronomy were 
enrolled during the year. Approximately 700 addi- 
tional students were given instruction each semester, 
the majority in courses in introductory astronomy 
offered by Dr. Hazel M. Losh. 


FREEMAN D. MILLER, Acting Chairman 


McMatH-HuLpert Opservatory, Lake Angelus, 
Pontiac, Michigan 


GENERAL 


The McMath-Hulbert Observatory has continued 
its research and observing programs, but not at full 
potential because there are still important vacancies 
in its staff. Through the communication of observa- 
tions and their interpretations to key data centers, 
the Observatory has carried on without interruption 
its participation in the international solar service 
established during the IGY and continued in subse- 
quent years. 


RESEARCH AND OBSERVING PROGRAMS 


Dr. Mohler, on sabbatical leave at the Institute of 
Astrophysics, University of Liége, has been studying 
new methods of recording the infrared spectrum of 
the sun using the multislit and the variable spacing 
Michelson interferometer. He has also identified spec- 
trum lines and studied critically the wavelengths and 
wavelength scales of Migeotte’s tracings of the solar 
infrared spectrum, 7500-12000 A. In addition, he 
has visited all of the principal astronomical photo- 
metric laboratories in western Europe. 

The McMath 50-jt Tower Telescope. The Mc- 
Math tower telescope continues to supply funda- 
mental observations of calcium plages. These obser- 
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vations are distributed to a world-wide list of sol} 
observatories and to data centers that have requesy 
this information. P| 

Research studies of flares, plages, and filame \ | 
have continued through new wavelength-sweep spe} 
troheliograms made with the McMath tower tel] 
scope and spectroheliograph. More than 25 000 spe} 
troheliograms were secured for this program betwee 
July 1, 1960, and June 30, 1961. Of particular inte} 
est have been the wavelength-sweep spectroheli 
grains of large linear scale made with the 40-ft foc} 
length optics of the solar tower telescope during tt} 
development of certain important flares. These req 
ords have permitted detailed study of the position ( 
flares with respect to sunspots, the location of ascenc| 
ing and/or descending prominence material wit] 
respect to flares and sunspots, and the determinatio| 
of time relationships between these phenomena. C) 
especial value have been the records showing loop| 
type prominences projected against the solar disk) 
These spectroheliograms indicate that although loop} 
type prominences and flares are very closely related] 
the two phenomena are not identical. 

Detailed study has been undertaken of the mam} 
flare-spectra recorded during 1958 with the 50-f) 
tower telescope and a Wadsworth-type spectrograph 
The analysis is still in progress. 

The McGregor Tower Telescope. The McGregoy 
telescope and vacuum spectrograph have been usec} 
primarily for completion of the definitive map of thel 
solar spectrum from 7000-4000 A at three different} 
points on a radius of the solar disk. These tracings} 
establish a fundamental source of solar data for| 
investigation of the nontransient features of the sun.| 

A number of analyses based on observations from} 
the McGregor telescope and spectrograph have been| 
completed or are in progress. Dr. Muller is studying| 
the velocity and temperature fields in the solar. at. 
mosphere by investigating the local Doppler shifts| 
and the relative intensity fluctuations in the Na D,| 
line, the nearby medium strong Nit line at 5892.9 A, 
and the adjacent continuum. 

Dr. Muller and P. Mutschlecner are carrying out 
an investigation on the effects of deviations from 
local thermodynamic equilibrium on the solar abun- 
dances by determining the center-to-limb variation of 
the curves of growth of elements in the iron group. 
The model atmosphere employed was derived from 
recent observed temperature distributions. The com- 
plex computations of the weighting function method 
are being carried out on the IBM 704 electronic 
computer of the University of Michigan Computing 
Center. 

The Lyot Monochromatic Photoheliograph. The 
observing and research programs for the Lyot photo- 
heliograph have been continued throughout all clear 
intervals. During the time covered by this report, 
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ot si more than 175 000 Ha photographs of the solar disk 
{lt} were secured. These films not only provide data for 
the McMath-Hulbert Observatory’s contribution to 
‘wie the world-wide flare patrol but also constitute a 
)% | basic solar record for use in connection with current 
! | investigations of solar activity associated with vari- 
0 ous aspects of geomagnetic phenomena and with 
‘| radio frequency events reported from world-wide, 
‘ite solar, radio astronomy installations. 

id) The Lyot photoheliograph has been modified 
a through installation of new photometric standardiz- 
wh) ing equipment. New photometric cubes extend the 
‘lt imtensity range which can be investigated quantita- 
uly) tively and permit more reliable measurements of 
it) flare intensities. 

wi) Snow Telescope at Mt. Wilson, California. The 
aie special mapping of the ultraviolet solar spectrum 
.( undertaken in the summer of 1959 by Dr. Walter E. 
« Mitchell, Jr., of the Ohio Wesleyan and Ohio State 
is) University Observatories as a part of a joint pro- 
) gram with Dr. Mohler was continued in the summer 
i¢) of 1960. In July and August, Dr. Mitchell and Dr. 
J. Houtgast of the Utrecht Observatory made abso- 
lute calibrations of the solar continuum in the ultra- 
violet. These calibrations are the first of their kind 
in this part of the solar spectrum. 

Other Studies and Research. As part of the Ob- 
) servatory’s participation in analysis of IGY solar 
¢ studies, catalogues or working lists have been pre- 
pared for all flares observed and reported during the 
i IGY and during IGC-1959. In addition, a flare 
x index has been derived for each day of IGY and 
x IGC-1959. These documents have been made avail- 
; able to interested investigators through World Data 
» Center A for Solar Activity. In addition, more than 
», 6000 ft of the flare-patrol records for IGY and 
» IGC-1959 have been copied and sent to World Data 
_ Centers for use in the definitive compilation of solar 
; data for the IGY. 

The profiles of the infrared oxygen triplet 
(A7772, 7774, and 7775) were investigated by Dr. 
Muller using the small number of currently avail- 
able center-to-limb observations secured photoelec- 
trically by Dr. Mitchell (of the Ohio Wesleyan and 
Ohio State University Observatories) at the Snow 
telescope on Mt. Wilson. Measurements of the trac- 
ings indicate that the asymmetry in the profiles, if 
existent, is extremely small. More observations are 
needed for definitive results. 

The Observatory’s densitometer-isophotometer has 
been in almost continuous operation during a large 
part of the current year. The Observatory again has 
donated a large fraction of the time of this instrument 
to investigators from other institutions. Extensive 
series of isophotes of 7 Carinae and 30 Doradus were 
prepared for use by Dr. Aller and his colleagues in 
Australia, and isophotometric studies of ONR’s x-ray 
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“picture” of the sun were derived. For the Observa- 
tory’s own program of solar studies, the instrument 
has produced additional isophotal tracings of “‘wig- 
gly” lines in the solar spectrum and has provided 
excellent isophotal studies of spectroheliograms of 
the flares of importance 3+ on July 16, 1959, and 
November 12, 1960. 


SHOP AND BUILDING 


The machine shop has carried out needed modi- 
fication of existing observatory instruments including 
provision for greater flexibility and more precise 
control of the image rotator for the vacuum spectro- 
graph, and design and construction of an attachment 
to permit cooling of the photoelectric cells. The 
ground floor of the Observatory has been remodeled 
to provide an additional staff office and new facilities 
for film storage. . 


Heten Dopson Prince, Acting Assistant Director 


National Aeronautics and Space Administration, 
Washington 25, D. C. 


Satellite and Probe Programs. During the past 
year, the NASA launched four scientific satellites 
and numerous sounding rockets. In addition, the 
passive communications satellite, Echo I, provided 
useful data on upper atmospheric densities and on 
solar radiation pressure. From the effects on the 
orbit of Echo, Bryant, of the Goddard Space Flight 
Center, determined the atmospheric density at 
1500 km as approximately 10'S g/cm*. Explorer IX, 
a 12-ft balloon, was launched to study atmospheric 
densities between 200 and 400 miles. W. J. O’Sulli- 
van has computed from Explorer IX data, a pre- 
liminary value of density at 700 km of about 3x 107" 
g/cm?. 

On Explorer VIII, Alexander and McCracken, 
Goddard Space Flight Center, have measured the 
mass and spatial distributions of interplanetary dust 
particles over a mass range of two orders of magni- 
tude. These provided a definitive picture of the aver- 
age spatial distribution of dust particles significantly 
different from that expected from extrapolations of 
meteor observations. An event apparently associated 
with the Leonid meteor stream produced an increase 
in the average influx rate by one to two orders of 
magnitude for a 70-hr period between 16-18 No- 
vember 1959. 

Jackson and Bauer, Goddard Space Flight Center, 
have measured the electron density profile from 
rockets. This indicates that the atmosphere is essen- 
tially isothermal between 350 km and at least 625 
km. If one assumes thermal equilibrium, and that in 
this altitude region atomic oxygen is the predominant 


ionic constituent, then one obtains a temperature of 
1650° K. 
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Explorer X, which reached an apogee of about 
38.5 earth radii, mapped the magnetic fields and 
particle fluxes as a function of geocentric. distance 
along its orbit. Bridge, Dilworth, Lazarus, Lyon, 
Rossi, and Scherb, Massachusetts Institute of Tech- 
nology, found preliminary indications of the existence 
of a low-energy plasma surrounding the earth in the 
region from the center of the earth, of approximately 
1.3 to 2.9 earth radii. Between 21.5 earth radii and 
the apogee, plasma, coming from the general direc- 
tion of the sun, was observed on numerous occasions. 

Tentative quantitative results show about 10 parti- 
cles/cm* with energies of a few hundred electron 
volts. Preliminary results of the magnetometer ex- 
periment by Heppner, Skillman, Scearce, and Ness, 
Goddard Space Flight Center, show a geomagnetic 
field, very close to that theoretically predicted, ex- 
tending to at least 6.5 earth radii. Between 21 and 25 
earth radii large-scale fluctuations in the field’s in- 
tensity were observed. Beyond 20 earth radii, pre- 
liminary results indicate the absence of the geomag- 
netic field. From 20 to 37 earth radii, measurements 
confirmed the existence of strong interplanetary 
magnetic fields. 

Explorer XI, the first satellite devoted to galactic 
astronomy, contains an experiment by Kraushaar and 
colleagues, Massachusetts Institute of Technology, to 
detect extraterrestrial high-energy gamma rays in 
the 100-Mev region from neutral « meson decay. 
The intent is to map, with a resolution of 15°, the 
spatial distribution of the decay gamma rays with 
particular emphasis on the plane of the galaxy, the 
galactic center, the sun, and the Magellanic Clouds. 
The gamma-ray count rate is low as has been antici- 
pated, but the analysis is not complete. 

Some results from Pioneer V are: Fan, Meyer, 
and Simpson, University of Chicago, found that the 
mechanism which produces the ll-year variation in 
cosmic-ray intensity is centered about the sun and 
that the scale size for the volume of space in‘ which 
the intensity is reduced is greater than one astro- 
nomical unit during the portion of the solar cycle 
covered by the observations. The radial gradient of 
the omnidirectional galactic cosmic-ray intensity is 
—(15+20)% per astronomical unit measured near 
the orbit of the earth and in the direction of the sun. 
Coleman, Sonett, Judge, and Smith, Space Technol- 
ogy Laboratories, observed the termination of the 
geomagnetic field beyond about 14 earth radii on the 
daylight side of the earth, during periods of little 
geomagnetic activity. They also confirmed the ex- 
istence of rapid fluctuations in the geomagnetic field 
between 10 and 20 earth radii. Coleman, Davis (Cali- 
fornia Institute of Technology), and Sonett found a 
small interplanetary magnetic field (about 2.7 10° 
gauss) during periods of low solar activity. During 
periods of high solar activity magnetic fields greater 
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than 50x 10-° gauss were observed. McGuire, Spang} | 
ler, and Wong, Goddard Space Flight Center, deternl 
mined the solar parallax as 8”7974+£0//0008 from i 
long-range tracking of the satellite. | 

Boggess, Goddard Space Flight Center, obtainetl i 
absolute fluxes with an accuracy of about 20% in| 
250 A bands centered at 2600 and 2200 A. This |) 
indicated that early-type stars are flux deficient at |) 
2200 A. | 

Milligan and Stecher, Goddard Space Flight Cen- " 
ter, obtained low dispersion spectra for 10 stars} 
heeweed 1600 and 4000A using a rocket-borne } 
objective grating spectrometer with 50-A resolution. 
The mean error from photon statistics was less than | 
6%. For the-stars of earlier spectral type there is } 
good agreement between theoretical models and ob- | 
servations down to 42600. At this point the observed] | 
tions depart from current models. t 

Rocket flights from Fort Churchill, Canada, pro- | 
vided interesting data on the spectrum of solar pro- |) 
tons following a solar flare. It was found that the | 
spectrum becomes progressively steeper with time | 
with the large influx of softer particles arriving || 
appreciably later than the more energetic ones. Heavy | 
particles were observed in these showers in the abun- | 
dance found in the solar atmosphere. The nuclei of } 
elements such as Li and Be are scarce in the sun j 
and also in the cosmic-ray flux following a solar | 
flare. A high-altitude recoverable rocket package | 
launched from California contained nuclear emulsions | 
which are now being analyzed. Preliminary results | . 
show changes in the energy spectrum of the inner | 
belt with magnetic latitude. 

Ground, Theoretical, and Laboratory Support. 
Analytical studies of the rigid-body motion of bodies | 
in orbit are continuing at the George C. Marshall | 
Space Flight Center. The applicability of image in- | 
tensifier and image orthicon telescope techniques are | 
being investigated also. Positional accuracies obtain- | 
able through electronic systems are compared with 
Baker-Nunn satellite camera photographs of identical / 
fields with work directed toward the refinement of : 
existing electro-optical techniques for astronomical — 
observations and toward the limiting parameters. 

The Goddard Space Flight Center has transferred 
to punched cards and magnetic tapes approximately — 
300 000 star positions taken from the AGK 2, Yale | 
Observatory, and Cape Photographic catalogues. The 
positions are referred to an equinox of 1950.0 and 
all necessary terms for updating the positions have 
been included where available. 

The Langley Research Center has been engaged 
in extensive analytical studies of lunar and circum- 
lunar space vehicle trajectories for the period 1963- 
1968 as an aid in the selection of launch dates for 
arriving at the moon under specified combinations 
of declination and surface lighting. A by-product has 
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been a history of the radial distance and declination 
of the moon and its phases for the years 1961-1971. 

A computing procedure based on Vinti’s theory for 
determining earth-satellite orbits from radio and 
optical tracking data has been developed for use, 
initially in application to atmospheric density deter- 
mination experiments, jointly by the Langley Re- 
search Center and the Georgia Institute of Tech- 
nology. 

| The Langley Research Center prepared a satellite 
to investigate the micrometeroid penetration hazard 
in various structural materials and the influx rate of 
micrometeroids whose radii range from 10 to 100 p. 
Yoskikawa and Allen, Ames Research Center, re- 
| cently showed that the procedure usual in meteor 
| theory for calculating meteor mass loss from the 
_ observation of intensity of light in meteors is incor- 
rect in the general case, although it is proper for 
| meteors traveling in free-molecular flow. For the 
ease of large meteoric bodies for which continuum 
flow occurs it is shown that a sizable fraction of the 
| light emission occurs from molecular collisions be- 
_ tween air molecules and the gas cap formed ahead of 
: the body. For one meteor observed in Canada it is 
shown that the gas cap radiation may account for 
as much as 60% of the total light emitted. 

Recent developments in re-entry research have 

been applied to the study of tektites by Chapman, 
Ames Research Center. When synthetic tektite glass 
spheres are placed in a hypervelocity airstream, they 
ablate to form the same shapes as observed on certain 
tektites from Australia and Java; the internal dis- 
tortions of the glass striae are also the same. Thus 
it has been possible to identify positively the tektites 
as objects which have entered the atmosphere and 

have undergone changes in mass and shape from 

severe aerodynamic heating. Entry velocities of about 
9-13 km/sec indicate a probable lunar origin for 
the tektites. 

The interaction between a solar corpuscular stream 
and the geomagnetic field was investigated by Spreiter 
and colleagues, Ames Research Center. The coor- 
dinates of the current sheath that terminates the 
geomagnetic field in space were calculated assuming 
both the presence and absence of an equatorial ring 
current. Its presence increases the size of the ring 
current of the geomagnetic field greatly and alters its 
form. Observations can be explained only by the 
presence of a ring current and representative values 
for the current and solar corpuscular stream. The 
ring current greatly increases the time delay and 
dispersion of whistlers observed at high latitudes and 
terminates their propagation along field lines that 
intersect the earth about the position of the auroral 
zone. Electrostatic fields are elongated sufficiently in 
polar and middle latitudes, but not in equatorial 
latitudes, to permit effective coupling of ionospheric 
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disturbances having dimensions transverse to the 
magnetic field of the order of a few kilometers. Rela- 
tively small changes in ionospheric conditions can 
result in very substantial changes in the attenuation 
of the electric field with height. 

Almost continually from 10 March to 10 May 
1961, Victor, Stevens et al., Jet Propulsion Labora- 
tory, established radar contact with the planet Venus 
using facilities of the NASA deep-space tracking 
station at Goldstone, California. Power-spectrum 
analyses of the signal indicated that Venus rotates 
at an extremely slow rate, perhaps only once per 
revolution of the sun. This remains, however, a ques- 
tion for continued investigation. The principal result 
of the experiment was a new determination of the 
value of the astronomical unit. This was obtained 
using both the velocity and distance data. The pre- 
liminary value is 149598 700+500 km. It is ex- 
pected that further data reduction and analysis will 
reduce the uncertainty to perhaps £150 km. 


Nancy G. Roman, Chief, 
Astronomy & Astrophysics 
Satellite & Sounding Rocket Programs 


National Radio Astronomy Observatory, Green 
Bank, West Virginia 


Before 1959 the staff of the Observatory was 
mainly concerned with the design and construction 
of instruments, development of the site at Green 
Bank, construction of buildings, etc. Since then there 
has been an increasing emphasis upon research by 
the scientific staff, by graduate and undergraduate 
students from other institutions, and by a few visit- 
ing scientists—mainly theoreticians. This emphasis is 
reflected in the present report. 

But the Observatory does not yet fulfill its in- 
tended function of serving as a “national labora- 
tory.” This is due to several causes, the most impor- 
tant of which is the delay in completing the con- 
struction of the 140-ft telescope. This project is not 
in the hands of the director, which is an anomalous 
and, I believe, unprecedented situation in the field 
of astronomy. 

The astronomy department consists of the follow- 
ing persons: D. S. Heeschen (chairman), F. D. 
Drake, T. K. Menon, C. R. Lynds and C. M. Wade. 
P. O. Vandervoort (Yerkes Observatory) spent 
varying periods of time at the Observatory as visit- 
ing research associate. S. von Hoerner, from the 
Recheninstitut in Heidelberg, served as visiting sci- 
entist from May 1960, through April 1961. He was 
followed by F. D. Kahn, from the University of Man- 
chester, who arrived on March 22 for a stay of about 
six months. K. H. Bohm arrived in June for a stay 
of about six weeks. Three senior consultants, F. T. 
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Haddock, E. F. McClain, and A. Sandage, spent 
several weeks at the Observatory during the year. 

Two graduate students, D. E. Hogg (Toronto) and 
J. F. Wanner (University of Pennsylvania), were 
in residence at Green Bank for portions of the year 
in order to obtain observational material for their 
theses. A third student, S. Weinreb (M.I.T.), ar- 
rived in June, 1961, in order to obtain material for 
his thesis. Approximately 20 graduate and under- 
graduate students worked at the Observatory during 
the summer of 1960 as research assistants. 

The electronics department, previously designated 
as the research equipment development department, 
consists of H. Hvatum (chairman), T. Orhaug, M. 
Vinokur, S. M. Oswald and W. Waltman. 

Arrangements were completed with the Committee 
for Scientific Research of the State of Buenos Aires 
(Argentina) for two electronic engineers to come to 
Green Bank in order to become acquainted with the 
construction of antennas and receivers. These per- 
sons will later develop a radio astronomical installa- 
tion in Argentina under the auspices of the State of 
Buenos haces 

J. W. Findlay was appointed deputy director for 
one year. D. S. Heescheen is serving as assistant to 
the director and is also representing the Observatory 
on the 140-ft telescope project, which is now being 
directed by E. Reynolds, vice president of Asso- 
ciated Universities, Inc. R. M. Emberson spent most 
of his time in connection with the 140-ft telescope, 
and represented the Observatory on the Committee 
for Frequency Protection in Radio Astronomy. 

The NRAO Visiting Committee consisted of G. W. 
Swenson, Jr. (University of Illinois, chairman), 
B. F; Burke (DTM), Ho Friedman (NRL); ‘Gy PB: 
Kuiper (Arizona), C. H. Mayer (NRL), C. Payne- 
Gaposchkin (Harvard), G. Stanley (Cal Tech), 
B. Stromgren (Inst. Advanced Studies), and C. H. 
Townes (Columbia). They held two meetings at 
Green Bank during the year and reported their 
recommendations to the president of AUI. 

Progress on the construction of the 140-ft telescope 
has been much slower than anticipated. The reasons 
for this delay are a combination of technical and 
contractual problems and partly.the changes in the 
presidency of the Associated Universities, Inc., first 
by the resignation of Lloyd Berkner (who was in 
charge of the project) and the subsequent resigna- 
tion of Leland Haworth (who became an Atomic 
Energy Commissioner). I. I. Rabi became president 
of AUI on April 30, 1961. In order to find a solu- 
tion it has been necessary to solve the contractual 
problems first. For convenience, the original lump- 
sum prime contract with the E. W. Bliss Company 
was terminated and a new cost-plus-fixed-fee type 
of contract for the remainder of the work has been 
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negotiated and approved by the National Science 
Foundation. The former subcontract for the drive) 
and control system has been assigned to the AUI, but} 
the other subcontracts will continue under the new} 
arrangements as subcontractors to the E. W. Bliss} 
Company. 

It became apparent under the new contract that) 
a greater degree of supervision and control was) 
necessary than appeared appropriate under the origi- 
nal contract. Edward Reynolds, vice president off 


Stone cd Webster Company to supervise the con-| 
struction of the telescope. There is thus available aj 
competent and experienced engineering group whicia§ 


liminary report indicates that major changes must 
be made in order to guard against brittle fracture | | 
failure. | 
Revised plans have been made for the construction | 
of the telescope, and a new design has been developed | 
for the spherical bearing, in accordance with a pro- | 
posal by E. Halik of our department of major design | 
and construction, which is headed by R. M. Ember- } 
son. It is not now possible to predict precisely the } 
time of completion, but this should be more clear | 
after intensive shop and field work is resumed. | 

Heeschen and Findlay have made a thorough } 
study of the properties of the so-called “Haystack” } 
120-ft antenna, which is being built by the North | 
American Aviation Company for the Lincoln Lab- | 
oratory of M.I.T. This instrument will probably be | 
at least as good as the 140-ft telescope with regard | 
to precision of the paraboloid surface. However, it 
does not appear desirable at the present time to 
recommend to the AUI and the NSF that the origi- 
nal concept of the 140-ft telescope, as designed by 
N. Ashton, be abandoned in favor of the Haystack 
type of antenna, which has not yet been placed in 
operation. Hence, we are planning to proceed with 
the revised components of the 140-ft telescope, un- 
less future developments should show that its cost — 
would be prohibitive or its performance specifica- 
tions could not be met. The NRAO astronomers 
emphasized the importance of maintaining the sur- 
face precision of the telescope so that it can be used 
at wavelengths between 3 and 10 cm. 

Considerable progress has been made in the con- 
struction of a transit-type paraboloid telescope, 300 
feet in aperture, suitable for observations at wave- 
lengths longer than 20 cm. This project is being 
directed by J. W. Findlay. The Bristol Steel and. 
Iron Works has been engaged to build the instru- 
ment. Most of the metal components have already 
been purchased and construction in Green Bank will 
start as soon as the necessary cement foundations 
have been built at the site. Our plan is to put this 
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i instrument in operation in 1962. Suitable receivers 


J are now being built in the electronics shop. 
In order to relieve the pressure for observing 
time at the 85-ft telescope, a 40-ft paraboloid antenna 
will be placed in operation during’ the fall of 1961, 
‘under the supervision of D. S. Heeschen. The pur- 
pose of this instrument is to secure long runs of 
* observations of variable radio sources, such as Cas A, 
"and of supplementing observations of bright radio 
"sources, previously observed by Heeschen and others 
*. with the 85-ft telescope. 
“Between May 15 and 19, 1961, the NRAO acted 
as the host institution at a symposium on radio astro- 
‘, nomical studies of galaxies, which had been ar- 
‘ranged by the National Academy of Sciences and 
| the Soviet Academy of Sciences, in accordance with 
_ Article 7 of the Inter-Academy Exchange Agree- 
| ment. The symposium was attended by six Soviet 
] radio astronomers and 20 American scientists. 
| During the year the Observatory issued five num- 
| bers of its own publications and distributed 10 re- 
_ prints of series A and 17 of series B. 


iN 
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} ASTRONOMY DEPARTMENT 


___ Planets. F. D. Drake has made observations of 
_ Venus at 10-cm wavelength almost daily during the 
period March 18 to August 1, 1961. Careful com- 

parisons with the source 04N3A were made so as 
| to get accurate measurements of any time variation 
in the radiation of Venus. The equivalent blackbody 
| disk temperature measured during this period has 
__ been nearly 600° K, the same as was observed dur- 
| ing previous inferior conjunctions. Time variations 
in the radiation appear to be very small, being no 
greater than a few percent from day to day, and also 
very small over long periods of time. Analysis of 
_ the data is still in progress. 

Galactic Nebulae. T. K. Menon has continued the 
study of density distributions in a number of H11 
regions. The previous work on the Orion nebula 
was refined, utilizing the Australian interferometer 
observations, and a new density distribution was 
obtained. The results of this new investigation were 
published as one of the Observatory publications. 

A detailed study of.the 10 cm intensity distribu- 
tion across the Rosette nebula showed detailed cor- 
respondence with the optical features. A model of 
the intensity distribution and the electron density 
distribution was derived from the observations. A 
mean density of 14 electrons/cm* and a total mass of 
11 000 Moe were obtained for the nebula. The results 
of this investigation are in the process of publication. 

Observations have been obtained of a number of 
other H11 regions, such as IC 434, NGC 2024, NGC 
7822, and the A Orionis group. The reduction and 
analysis of these observations are in progress. 

The 22-cm observations, obtained earlier of the 
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Cygnus Loop, have been utilized to obtain a de- 
tailed contour map of the region and the spectra of 
the various component sources. There does not seem 
to be any evidence for a thermal component reported 
by previous workers. 

C. R. Lynds has made observations at 3.75, 10, and 
21.4 cm in an attempt to detect planetary nebulae. 
Fairly definite indications of radio emission were 
found for five of the eight nebulae studied, IC 418, 
NGC 6543, NGC 6572, NGC 6853, and NGC 7293. 
A source was also found within three minutes of arc 
of NGC 7009 and may be associated with that ob- 
ject. The two nebulae not detected were NGC 3242 
and NGC 3587. Although the accuracy of the flux 
determinations is not high, there seems to be an 
indication that, for the observed sources, the radio 
emission is not as great as one would expect, judging 
by published Hf flux measurements. 

Galaxies and Discrete Sources. Wade has con- 
tinued the study of the radio brightness distributions 
over large extragalactic sources at 10 cm wavelength. 
Observations have been completed for Fornax A 
(NGC 1316), Messier 84 (NGC 4374) and Virgo A 
(NGC 4486). Observations of the nucleus of Cen- 
taurus A (NGC 5128) are still in progress. 

The observations of Fornax A show that the 
source is double, with the associated galaxy, NGC 
1316, lying between the two radio components. The 
centers of the radio components are separated by 29 
minutes of arc, with the easterly one at position angle 
100° referred to the westerly one. Details of the 
observed brightness distribution suggest that there 
is still much unresolved structure. The over-all di- 
mensions of the object are of the order of 300 kpc. 
A detailed comparison of Fornax A with the ex- 
tended component of Centaurus A shows that the 
two sources are basically similar. 

Lynds has studied the brightness distribution along 
the major and minor axes of M31 at 1400 Mc. A 
comparison of his observations with the 408-Mc ob- 
servations of Large, Matthewson, and Haslem indi- 
cates that the flux density from the main body of 
M31 falls off very rapidly with increasing frequency. 
The spectral index derived is approximately 1.1, as 
compared with 0.5 found at longer wavelengths by 
Baldwin and Costain. Drift curves through the nu- 
cleus of M31 at 10 cm gave negative results and set 
an upper limit of about three-hundredths of a degree 
on the maximum brightness temperature, tending to 
substantiate the very rapid decline of the emissivity 
with increasing frequency. 

Lynds has also studied the radio source 3C 231 at 
10- and 40-cm wavelengths. He found that it is 
definitely identified with the very peculiar irregular 
galaxy NGC 3034 rather than with NGC 3031, as 
has sometimes been suggested. Observations at 40 
cm, together with other published flux densities of 
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the source, show that the spectral index is approxi- 
mately 0.2. This is the smallest spectral index known 
for any extragalactic radio source. An attempt to 
detect optical synchrotron radiation by polarization 
measurements of this peculiar object might be worth- 
while. 

Observations at 10-cm wavelength of the radio 
source associated with NGC 1275 show that the 
source has a faint extension, or possibly a companion 
source, at a position angle of approximately 300°. 
The length of this extension is about 27 minutes of 
arc, and it is not yet clear whether the feature is 
resolvable as a separate source. The maximum bright- 
ness of this feature is in good position-correspond- 
ence with the elliptical galaxy NGC 1265. Further 
observations of the region are currently in progress. 

Heeschen has continued his studies of the spectra 
of discrete sources. Approximately 80 sources have 
now been observed at, at least, two of the six observ- 
ing wavelengths—68, 40, 25, 21.4, 10, and 3.75 cm. 
As part of the program, a search was made for radio 
emission from about 40 nearby galaxies, mostly late- 
type spirals. Positive results were obtained for about 
one-half of these. Most of the other sources on the 
observing list were chosen from those in the 3C cata- 
logue which have been identified with peculiar extra- 
galactic objects by Minkowski and others. From the 
results thus far and data available in the literature, 
the spectra of about 15 of the more intense extra- 
galactic sources can be determined with rather small 
uncertainty. It appears that in many cases the spec- 
tral index of a source is not constant with frequency. 
In the best determined case, Cygnus A, the spectral 
index varies from about —0.5 to —1.2 over the fre- 
quency range 20 to 10000 Mc. Distance moduli are 
available in the literature for 30 of the identified 
extragalactic sources. The radio color-absolute mag- 
nitude diagram of these 30 sources confirms the 
principal features of a diagram based’on a.smaller 
number of sources (published in Publs. Astron. Soc. 
Pacific 72, 368, 1960). 

Two series of observations of Hydra A were made 
in order to study possible variability of the source. 
The first consisted of daily observations at 10-cm 
wavelength of Hydra A and two comparison sources 
for a period of three months. The second consisted of 
daily observations of Hydra A and three comparison 
sources, simultaneously at 40- and 10-cm wave- 
lengths, for a period of two months. An analysis of 
the observations shows that there is no variability 
greater than 2 or 3% in any of the sources observed 
over the five months period. 

Drake has employed inductosyn shaft rotation in- 
dicators and a digital computer in an attempt to 
obtain very accurate radio source positions with the 
85-ft radio telescope. Observations of planets and of 
other optical objects were used to calibrate collima- 
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tion errors, thus freeing the results from the assump} 
tion that the optical and radio centers of some brigh 
radio sources are coincident. This technique has beet} 
described in Publs. Astron. Soc. Pacific 72, 494| 
1960. Lengthy observations at 3.75-cm wavelengtl 
showed that the 85-ft telescope was sufficiently stabl¢ 
over periods of weeks to allow source positional 
accuracies of the order of 3 sec of arc. Positions foi) 
the brighter sources were obtained by this method} 
These confirmed close coincidences between optical 


that the radio center of brightness of the soure¢ 
Virgo A (M87 }-is displaced from the nucleus o 
the ay ae in the direction of the well-known optica'} 
“jet,” demonstrating synchrotron emission. 

The positional program was continued at 10-cm| 
wavelength, and a large number of data were accw-} 
mulated for about 25 of the brighter sources well} 
separated from the galactic plane. The reduction of| 
these observations is still in progress. i 

O. Struve, in collaboration with Mrs. Velta Ze- 
bergs, was engaged in the preparation of a book on} 
the history of astronomy in the 20th century. With; 
the help of Mrs. C. M. Wade, he wrote a monograph} 
on 8 Lyrae, and investigated some of the spectro- 
scopic features of this star. In November, 1960, 
Struve attended a symposium at La Plata, Argen-| 
tina, and presented a paper on the evolution of gal-| 
axies, with special reference to the evolutionary 
significance of “radio galaxies.” 


ELECTRONICS DEPARTMENT 


Absolute Calibration of Cas A. Measurements of 
the absolute flux density of Cas A at frequencies 
around 1400 Mc were started in March 1960 
(Astron. J. 65, 547, 1960). The horn antenna that 
was used has a collecting area of about 10 m?, which 
gives an antenna temperature of 9° K for Cas A. The 
receiver is a switched superheterodyne. The gain of 
the horn antenna is determined by calculation, and 
the calibration of the receiver is made by substituting 
for the antenna a temperature-controlled termination. 
The temperature calibration has to be made with 
great care, and all possible precautions were taken 
in order to reduce the errors to a minimum. It was 
found that the receiver output is quite strongly de- 
pendent on the impedance of the calibration termina- 
tion; even the relatively small temperature step used 
for calibration, 9° K, changes the impedance suffi- 
ciently to introduce noticeable errors in the calibra- 
tion. Another major source of error is the gain of 
the horn. Presently the gain is assumed to be as 
calculated, but plans are being made to measure the 
gain directly or indirectly. A direct measurement of 
the gain will probably be very difficult, if not practi- 
cally impossible, but more indirect measurements, for 


example, the aperture distribution, will give useful 
. information. 
+ Our present value for the flux density from Cas A 
at 1440 Mc is 256x10°°+10%w mr? (cps)-?. The 
“estimated uncertainty comes largely from the two 
| major sources of error mentioned. 
Standard Continuum Receivers. For general con- 
' tinuum observations at frequencies between 100 and 
- 2000 Me, a standardized switched receiver has been 
developed (paper by T. Orhaug and W. Waltman, to 
be published). Most of the units used in the receiver 
’ are commercially available, but certain unusual com- 
' ponents, such as the front-end switch, were designed 
- and made at the Observatory. The total cost of the 
_ radiometer, including the intensity calibration facili- 
ties and an analogue output recorder, is of the order 
_ of $6000. Typical noise temperature is 600° K, and 
zero line drifts of the order of 0.25° K, or less, over 
' a period of 24 hr are normally obtained. 
_ Five such standard radiometers have been built 
during the past year, three at 1400 Mc and two at 
_ 750 Mc. One of the 1400 Mc receivers is being used 
for the absolute calibration of Cas A, one as a labora- 
| tory test receiver for testing low-noise front ends 
(Adler tubes), and the other will be used for source 
observations with the 40-ft antenna now being built 
_ at the Observatory. One of the 750 Mc receivers is 
now in use on the 85-ft antenna, and the other will 
be used on the 40-ft antenna, together with the 
1400 Mc receiver. 

In the coming year four more receivers are 
planned. Two of these, 1400 and 750 Mc, will be 
used on the 300-ft antenna; one, 325 Mc, will be 

used for the flare-star project, and the other for 
laboratory tests. 

The strict standardization makes the receivers, 
with the exception of the mixer and the local oscil- 
lator, which are dependent on the operating fre- 
quency, completely interchangeable. This greatly sim- 
plifies the maintenance problem. 

A Multichannel Hydrogen-Line Radiometer. The 
300-ft telescope, now under construction at the Ob- 
_servatory, will be a powerful tool for hydrogen-line 
observations. Since the telescope is a transit instru- 

_ ment, the available observing time of a spot on the 
sky, comparable to the beam area of the telescope, 
will be very limited. An integration time of the order 

: of 30 sec will be used, and a multichannel receiver 

_ seems to be the obvious solution. A 100-channel re- 

_ ceiver has been planned for this telescope; the chan- 

nel bandwidth will be 10 kc, with a total range of 
1 Mc. There are different ways of approach which 
can be followed in order to satisfy these require- 

- inents: the straightforward multifilter technique and 
the correlation technique, to mention two. We believe 

that the multifilter technique will better serve our 
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purpose, and work has been started on the practical 
realization of this radiometer. 

Correlation Techniques. As mentioned in the pre- 
vious paragraph, the correlation technique has been 
studied as a possible alternative to the multifilter 
design for a multichannel hydrogen-line receiver. 
The correlation technique is not, however, limited to 
the multichannel receiver, but is a very powerful 
method with many applications in radio astronomy, 
for example, in interferometry. Therefore, the cor- 
relation technique and its application to radio astron- 
omy will be studied during the coming year. 

Electron Beam Parametric Amplifier. The electron 
beam parametric amplifier is a member of the large 
family of parametric amplifiers, and seems to be par- 
ticularly suited for radio astronomy. The amplifier is 
inherently stable, and the gain is less dependent on 
various parameters, such as pump power and im- 
pedances, than is the case of several other types of 
parametric amplifiers. This, in connection with a 
relatively large bandwidth and a low noise tempera- 
ture, makes the amplifier very useful for radio as- 
tronomy. One such amplifier, with a center frequency 
of 1400 Mc, has been purchased, and is now being 
tested in the laboratory. The first application of the 
tube will be in the flux density calibration experiment. 

Maser. The lower intensities observed at the higher 
frequencies of the radio spectrum call for radiometers 
with considerably lower noise temperatures (higher 
sensitivity) than are obtainable with conventional re- 
ceivers such as the standard receivers used at the 
Observatory. A limited increase of sensitivity can 
be obtained by increased bandwidths, as is done in 
the traveling-wave-tube receivers (the Observatory 
has two such receivers, 10 and 3 cm, with bandwidths 
of 200 and 1000 Mc, respectively), but a very low 
noise front-end amplifier such as a maser would be 
much more useful. 

Possible maser designs have, therefore, been 
studied, and a traveling-wave structure maser seems 
to be the best solution for radio astronomy work. 
It is still undecided whether a conventional refrigerat- 
ing system, which needs periodic refills of liquid 
helium, or a closed-circuit system, capable of more 
continuous operation over an extended time, will be 
used. Of the closed-circuit systems presently avail- 
able, however, none have proved to be sufficiently 
reliable. The frequency which has been chosen for 
the maser is 4995 Mc. This frequency is allocated 
for use in radio astronomy, and also seems to be 
relatively unexplored. It is also a frequency at which 
full advantage of the low noise characteristics of a 
maser can be achieved. The Observatory expects to 
have a maser in operation at this frequency next 
summer. 

Digital Integration and Data Processing. All of the 
continuum radiometers described are provided with 
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digital integration. The analogue output of the re- 
ceiver is transformed to a proportional frequency in 
the audio region which, in turn, is counted during a 
preset counting interval. The total number of counts 
during an interval, the integrated output, is then 
printed out and punched on tape for further process- 
ing in a computer. 

For the multichannel hydrogen-line receiver, which 
actually presents one hundred simultaneous analogue 
outputs, the straightforward integrating system would 
require 100 counters and output punching devices. 
A more economical integrating equipment is, there- 
fore, being designed, where one counter will serve a 
number of analogue outputs on a time-sharing basis. 


ADMINISTRATION 


The total Observatory staff on June 30, 1961, 
exclusive of research collaborators and guests, was 
133, making a net increase of 50 in the preceding 12 
months. On this date, in addition to the regular sci- 
entific and engineering staff of 21, there were on the 
staff as salaried visitors 3 research associates, 13 
graduate (summer) research assistants and 8 under- 
graduate (summer) junior research assistants. The 
balance of the staff is made up of 7 telescope opera- 
tors, 13 technicians, 20 administrative, service and 
clerical employees, 28 plant maintenance employees, 
7 food and housing service personnel, and 13 tem- 
porary summer employees for grounds maintenance 
and improvement. 

During the past year, C. R. Lynds has been re- 
sponsible for improved darkroom facilities. The Ob+ 
servatory 1s now equipped to print and issue its own 
scientific publication series. Adequate lecture, semi- 
nar and conference facilities are available for the first 
time. C. M. Wade has directed the operation of the 
Observatory’s computing facilities. 

Site Improvements. The existing six miles of Ob- 
servatory on-site roads have been maintained and 
improved. Over a mile of new on-site roads has been 
built in the past year. The on-site electric power sys- 
tem has been extended and improved. Modern tele- 
phone service is now available. 

In addition, the Observatory is expanding its on- 
site living facilities. In addition to the seven resi- 
dences already available, the director’s residence was 
completed during the past year, and on June 30, 
1961, four additional homes were under construction. 
Because of the Observatory’s isolation and the non- 
availability of private living accommodations locally, 
additional housing is essential to meet the needs of 
the permanent professional staff and of visiting 
scientists. 

Public Education. The interest of the general pub- 
lic in the Observatory has continued during the past 
year. In order to reduce the problem of interference 
with the Observatory’s research programs, the lim- 
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ited public education program developed in the sum) 
mer of 1960, by Professor Robert Fleischer of the 
Rennselaer Polytechnic Institute, has been continued! 
This includes one daily tour of the Observatory witl] 
a brief illustrated lecture and a review of exhibits} 
Approximately 10000 persons visited the Observal | 
tory during the past twelve months. 


Otto STRUVE, Directom | 


Ohio 


PERKINS OBSERVATORY 


Personnel. The academic staff of the Observatory} 
associated with the Ohio State University consisted}| 
of Professors Nicholas T. Bobrovnikoff, Philip C. 
Keenan, and Arne Slettebak, and Assistant Profes-|) 
sors Walter K. Bonsack and Walter E. Mitchell, Jr. 
Philip C. Stanger continued as Assistant Professor] 
of Astronomy at Ohio Wesleyan University. Dr.) 
Bonsack, who received his Ph.D. degree from the} 
California Institute of Technology, joined the staff] 
in October 1960. 

Paul L. Byard of London, England, was appointed 
Research Associate in April 1961 in connection with 
the luminous shock tube project sponsored by the’ 
Air Force Cambridge Research Laboratories. Philip. 
Barnhart continued as part-time Research Associate | 
with the stellar infrared magnitudes project in col-. 
laboration with the Eastman Kodak Company, and 
with the luminous shock tube project. 

Part-time research and teaching assistantships were 
held by John Hill, Heinz Koster, Ronald Roll, 
Philip Seldon, and Warren Young. | 

Lawrence Decker, son of our instrument maker, | 
William Decker, was appointed Technical Assistant 
in the Observatory machine shop. Mrs. Delores 
Chambers continued as Secretary, Mrs. Rosemary 
Mardis as Computing Assistant, and Charles Smale’ 
as Caretaker at the Observatory. 


FACILITIES AND INSTRUMENTATION 


Telescopes. The Perkins 69-inch telescope was dis- 
mantled in May 1961 under the supervision of Dr. 
John S. Hall, Director of the Lowell Observatory, 
and shipped by truck to its new site near Flagstaff, 
Arizona. The telescope is presently being reassembled 
and renovated in the new dome and should be ready 
for service again by the end of 1961. The moving of 
the 69-inch telescope was made possible by an agree- 
ment between the Ohio Wesleyan and Ohio State 
Universities and the Lowell Observatory, with finan- 
cial assistance pact by the National Science 
Foundation. 

Preparations are underway for the installation of 
the Schottland 32-inch reflecting telescope in the 
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Perkins dome. The telescope will be mounted on 


| top of the south pier and a steel platform constructed 
“around the pier. Installation is expected to be com- 
“plete by October 15, 1961. 


A National Science Foundation grant made pos- 
installation of the Schottland 16-inch 
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Schmidt telescope in a separate housing behind the 


| Observatory. Testing of the instrument is now going 


on and an objective prism giving a dispersion of 
about 1000 A/mm at Hy has been ordered. 

Auxiliary Spectrographic Equipment. The Yoder 
grating spectrograph for the 69-inch telescope was 
completed in the Observatory machine shop under 
the direction of Keenan. Testing was started in Dela- 
ware and will be resumed when the 69-inch telescope 
is reassembled in Flagstaff. 

Mitchell is assembling a measuring engine incor- 
porating oscilloscopic display, projection viewing, 
and digitized output for stellar spectrograms. A 
spectral sensitometer has been designed by Bonsack 
for use with the new spectrograph and is now under 
construction. Bonsack also modified the direct-inten- 
sity microphotometer, with a resultant gain in speed 
and accuracy. 

Building Improvements. A grant received from the 


- National Science Foundation will make possible the 


conversion of unused Observatory space into addi- 
tional offices and library space. 


RESEARCH 


Mira Variables. Keenan spent six months at the 
Mt. Wilson and Palomar Observatories as a Guest 
Investigator continuing his spectroscopic studies of 


' Mira variable stars, with the help of a National 


Science Foundation grant. In joint work with Dr. 
Armin Deutsch and Dr. Paul Merrill (reported at 
the Nantucket meeting of the American Astronomical 
Society in June 1961) it was found that: (1) Tem- 
perature types of M stars later than about M5 can 
‘be improved by comparing relative strengths of the 
molecular bands of TiO and VO rather than absolute 
intensities. (2) Consistent differences in the ratios 
of the bands of YO and AlO appear to reflect real 
differences in the abundance of these metals in cer- 
tain Mira variables. (3) Many Mira variables show 
weak absorption lines relative to their strengths in 
nonvariable M stars. The behavior of the lines sug- 
gests that Mira variables have atmospheres with 
lower pressure and temperature than in normal 
giants of corresponding type, but higher opacity and 
less turbulence than in supergiants. 

Map of the Solar Spectrum. Mitchell continued his 
work on the construction of a photometric atlas of 
the ultraviolet and infrared regions of the solar spec- 
trum, in collaboration with Dr. O. Mohler of the 
University of Michigan and with the aid of a Na- 
tional Science Foundation grant. Mitchell spent 10 
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weeks on Mount Wilson during the summer of 1960 
in modifying his equipment and obtained striking 
improvements in sensitivity, speed, and accuracy. His 
observations recorded during the remainder of the 
summer were measured and analyzed during the year. 
Additional modifications of his equipment were car- 
ried out in the Perkins machine shop in preparation 
for his observing period at Mt. Wilson in the sum- 
mer of 1961. 

Spectrum Variables. Bonsack undertook a study of 
wavelength and line-profile variation in a selection 
of A-type spectrum variables. An important part of 
the program will be a further study of the systematic 
differences in the apparent radial velocities derived 
from individual Balmer lines in the spectrum of 56 
Arietis. Sixty-five spectrograms of seven stars were 
obtained during the year and reduction will begin 
soon. 

Planetary Physics. Bobrovnikoff prepared a 75-page 
mimeographed manual on planetary physics. This is 
a critical survey of research findings in this rapidly 
developing subject which will be revised periodically 
and eventually published as a monograph or book. 
Bobroynikoff was coauthor of an Air Force report 
published by the Ohio State University Research 
Foundation and entitled “Preliminary investigation 
of interplanetary, lunar and near planets environ- 
ment and methods of simulation.” 

Shock-Tube Laboratory. Testing and preliminary 
research with the luminous shock tube continued at 
the McMillin Observatory by Byard, Roll, and Barn- 
hart, under the supervision of Slettebak. Experi- 
mental determinations of shock velocities and pres- 
sures, and excellent time-resolved spectrograms, are 
now being obtained. Work on the spectrophotometric 
calibration system is continuing and determinations 
of relative f values of atomic transitions of astro- 
physical interest will be carried out soon. 

Stellar Infrared Magnitudes. Mitchell and Barn- 
hart continued their research in infrared stellar pho- 
tometry, in collaboration with the Eastman Kodak 
Company and sponsored by the Army Rocket and 
Guided Missile Agency. Observations of 34 stars in 
the 24 region were made with the 69-inch tele- 
scope in the fall of 1960. Preliminary results re- 
ported at the New York meeting of the American 
Astronomical Society in December 1960 indicate 
that the blackbody assumption of stellar spectral 
energy distribution tends to underestimate the infra- 
red irradiance of most late-type stars. Design and 
construction of a new infrared stellar photometer was 
started at Eastman Kodak in March, 1961 for use 
with the Schottland 32-inch reflector and other tele- 
scopes. Observations with the new photometer will 
be made at the Mt. Wilson Observatory in the 
summer of 1961. 
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K-Type Giant Stars. Bonsack continued his de- 
tailed studies of the spectra and atmospheres of three 
giant stars of late G and early K types. This work 
was initiated at the Mt. Wilson and Palomar Ob- 
servatories and is based on 100-inch coudé spectro- 
grams. The aims of the program are to provide a 
catalogue of wavelengths and line intensities for the 
apparently normal star of the three, e Virginis; to 
study the structure of the atmosphere by means of 
these data; and to compare with respect to chemical 
composition and physical structure, the atmospheres 
of a weak-lined and an exceptionally strong-lined 
star with the atmosphere of e Virginis. 

R Coronae Borealis. Keenan prepared a list of 283 
lines in the spectrum of R Coronae Borealis in the 
wavelength range 3716-4900 A, based on high-dis- 
persion spectrograms taken by Adams at the Mt. 
Wilson Observatory. Of these lines, 98 are either 
known lines of neutral carbon or are suspected to 
be due to this atom. This work was part of the study 
of the complete optical spectrum of R CrB, being 
carried out in cooperation with Dr. Jesse Greenstein 
at the Mt. Wilson and Palomar Observatories. 

History of Astronomy. Bobrovnikoff continued 
collecting material and writing his book on the 
history of astronomy. The first part will cover the 
period up to 1600 and is about half completed. 

Spectra of Binary Stars. Slettebak continued his 
spectral classification and axial rotational velocity 
estimates for the components of some 150 visual 
binary systems. A study of absolute magnitudes and 
axial rotation in these systems will be made. 

Ulira-Sharp Line A Stars. L. Maestre, a former 
student at this Observatory, and Dr. Armin Deutsch, 
of the Mt. Wilson and Palomar Observatories, com- 
pleted their list of several hundred absorption lines 
in the spectra of the ultra-sharp line stars o Pegasi 
and « Coronae Borealis (AQp-manganese star) for 
publication in the Astrophysical Journal. 


INSTRUCTION AND PUBLIC EDUCATION PROGRAM 


The past year saw continued- growth of the ele- 
mentary classes in astronomy at the Ohio State 
University, under the supervision of Bobrovnikoff. 
All five astronomy faculty members shared in the 
teaching of undergraduate and graduate courses, 
with a total enrollment of 362. 

The courses in Descriptive Astronomy at Ohio 
Wesleyan University were taught by Stanger, with 
a total enrollment of 83. 

Some 2300 persons visited the Perkins Observa- 
tory during the past year as a part of our public 
education program, under the supervision of Stanger. 
In addition, 400 persons toured the Student Ob- 
servatory on the Ohio Wesleyan campus and 1000 
visited the McMillin Observatory on the Ohio State 
campus. Slettebak visited three southeastern univer- 
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sities as a participant in the AAS-NSF Visiting} 
Professors Program. The annual McMillin Lecture} 
was given by Dr. Rudolph Minkowski of the Mt| 
Wilson and Palomar Observatories. 


ARNE SLETTEBAK, Director| 


RapDIO OBSERVATORIES 


Personnel. The staff consists of Professors R. CJ 
Higgy, H. C. Ko, J. D. Kraus, and M. Tiuri andj 
Dr. R. T. Nash. Graduate students during the year} 
were D. Bryner, A. G. Herriman, H. Jaggers, R. T4 
Nash, K. E. Kissell and J. C. McLaughlin. Nash} 
received a Ph.D: degree and Bryner an M.S. degree.| 

Facilities. There are two principal sites, The Ohio} 
State-Ohio Wesleyan Radio Observatory south of} 
Delaware, Ohio (near the Perkins Observatory),| 
where a 360-ft radio telescope is nearing completion, | 
and the Radio Observatory on the West Campus of} 
the Ohio State University, Columbus, where a 40-ft} 
parabolic dish and a number of smaller radio tele-| 
scopes are located. A number of basic research pro-. 
grams in radio astronomy and space electronics are’ 
in progress. 

Instrumental Development. Through support from} 
the National Science Foundation the 360 by 70 ft. 
parabola and 260 ft of the tiltable flat reflector have: 
been completed and work is nearing completion on 
the three-acre conducting ground plane which con-_ 
nects the parabola with the tiltable flat reflector. The 
ground plane is of concrete covered with thin alumi-_ 
num sheet. It is expected that the construction may 
be completed before the winter of 1961-62. It is’ 
possible to operate the telescope without a ground 
plane at reduced efficiency at the higher frequencies, 
and extensive measurements have been made of the 
antenna power pattern and the effective aperture 
between 1000 and 2500 Mc using Cas A. At 2000 Mc 
the beam is 10 by 30 minutes wide at half-power. 
Details of the telescope are described in the paper 
by Kraus, Nash, and Ko listed below. Dr. Nash has’ 
been in charge of the mechanical design and con- 
struction work with assistance by Bertan Morrow. 

Dr. Ko, Assistant Director, and H. Jaggers have 
constructed a tunable low-noise radiometer in the 
frequency range 1 to 2.5 kMc for spectrum observa- 
tions. A grant of $65 000 has been received from the 
Mershon Fund of the Ohio State University for 
a hydrogen-line receiver. 

Also support from the National Seienee Founda- 
tion was received for a small observatory building 
at the 360-ft telescope site. The building will provide 
1700 sq ft of space for receiving equipment, elec- 
tronics laboratory and offices. Plans call for com- 
pletion by October 1961. 

Research Programs. (1) Theory of antennas. 
Ko has applied the statistical matrix and the Stokes 
vector in formulating an antenna theory which is 


japplicable to the reception of partially polarized 
' radio waves. The formulation also fits very well with 
‘the formalism of quantum mechanics and the modern 
‘theory of optics. One paper is now in press (Proc. 
« IRE). Ko has also studied in detail the relation 
_ between the observed antenna temperature and 
i brightness temperature of a radio source and the 
.¢ relation between the observed flux density and the 
» true flux density of a radio source and has derived 
jy correction factors for the conversion for two simple 
| radio-source models and three beam patterns repre- 
senting wide varieties of practical antennas. One 
‘report has been published and a paper is now in 
i press (IRE Trans. on Antennas and Propagation). 
» (2) Radio source scintillation. Ko has completed 
», the study of radio star scintillation at 945 Mc using 
the 40-ft dish antenna. Details have been published 
y (see first paper listed below). This work and the 
antenna theory studies by Ko are supported by the 
. Air Force Cambridge Research Laboratories. 

. (3) Satellite observations. Studies of the satellite 
, ionization phenomenon were continued by Kraus, 
Higgy, Herriman, and O’Donnell with support by 
, the Army Rocket and Guided Missile Agency. 


it Publications. The following publications by mem- 

‘ bers of the staff appeared during the year: 

| Ko, H. C. 1960, “Amplitude scintillation of radio 

| stars at ultra-high frequency,’ Proc. IRE 48, 

/ 1871-1880. 

| . 1961, “Characteristics of cosmic radio radia- 

tion,’ Phys. Today 14(4), 35-39. 

. 1961, “Temperature concepts in modern radio,” 
Microwave J. 4, 60-65. 

mers, J, D., Nash, R. T., and Ko, H. C. ‘1961, 

“Some characteristics of the Ohio State Univer- 
sity 360-foot radio telescope,’ JRE Trans. on 
Antennas and Propagation AP-9, 4-8. 

Kraus, J. D. 1960, “Evidence of. satellite-induced 
| ionization effects between hemispheres,” Proc. [RE 
48, 1913. 
| Kraus, J. D. and Higgy, R. C. 1960, ‘‘The relation 
of the satellite ionization phenomenon to the radia- 
tion belt,” Proc. IRE 48, 2027. 


Joun D. Kraus, Director 


Princeton University Observatory, Princeton, New 
Jersey 


] Personnel. U. Van Wijk resigned as Assistant 
Professor at the close of the fall term. G. B. Field 
spent half a year in Meudon, France, as a Guggen- 
heim Fellow and a guest investigator at the Section 

_ dAstrophysique of the Observatoire de Paris. S. 

Pottasch joined the staff January 1, 1961, as Visiting 

Lecturer. P. Vandervoort was Visiting Fellow dur- 
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ing the year on a National Science Foundation Post- 
doctoral Fellowship. 


RESEARCH PROGRAM 


Stellar Interiors. Schwarzschild and Harm have 
continued the investigation of the helium flash in 
population II red giants. The usual “explicit”? method 
which had been found effective for deriving stellar 
models corresponding to fast evolution phases was 
modified so as to make it effective also for slower 
phases. In the modified method, a stellar model is 
obtained by an iteration procedure imitating the 
relaxation of an initially disturbed thermal system 
converging to its equilibrium state. The new models 
obtained with these methods show that the non- 
degenerate convective core which develops after the 
high point of the helium flash continues to grow. 
The present computations suggest, but do not yet 
prove, that this convective core may reach the hy- 
drogen-rich outer portion of the star, which would 
bring hydrogen back into the core by convective 
mixing, and might have substantial consequences for 
the subsequent evolution. 

Polak has investigated the evolution of a star of 
five solar masses, starting from the initial main- 
sequence state. The computations were carried out 
on an IBM 650. Special attention was paid to the 
rapid transition at the end of the main-sequence 
phase from the state in which the hydrogen burning 
occurs in the core to the state in which the hydrogen 
burning is concentrated in a shell further out. During 
this transition the central temperature was found to 
decrease slightly, approaching the temperature of the 
shell. The approximately isothermal core thus formed 
was found, however, to reach very fast the Chandra- 
sekhar-Schoenberg limit. Thereafter the core con- 
tracts and heats rapidly leading to helium burning 
in the center. 

Solar Atmosphere. Bahng and Schwarzschild have 
used a high-definition solar photograph from the last 
Stratoscope flight of 1959 to derive a more accurate 
value for the rms intensity fluctuations of the granu- 
lation. The measurements were corrected for the 
instrumental profile derived by Gaustad and Roger- 
son (see below). The resulting turbulence spectrum 
indicates that the definition of the photograph used 
appears to have been sufficient to resolve the bulk 
of the granules contributing to the intensity fluctua- 
tions. A rms temperature fluctuation of about 90° 
was found, in agreement with the result derived from 
the 1957 Stratoscope flights. This temperature fluc- 
tuation is so small that it can hardly have any notice- 
able effect on either the solar line intensities or their 
center-to-limb wavelength shifts. 

Danielson has investigated convection in the pres- 
ence of a uniform magnetic field with the aid of 
linearized equations derived by Chandrasekhar (Phil. 
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Mag. 43, 501, 1952). Under the physical conditions 
which are present in the sun’s surface, he has shown 
that the onset of unstable convection cells (as op- 
posed to overstable convection cells) occurs at Ray- 
leigh numbers which are much smaller than those 
computed on the principle of exchange of stabilities. 
When this result is applied to the sunspot penumbra, 
it is found that long, thin convection cells (convection 
rolls), having a shape and lifetime close to that of 
the penumbral filaments, will occur if the penumbral 
magnetic field is horizontal or nearly horizontal. 
Danielson has started to extend his magnetic con- 
vection calculations to include the case where the 
convectively unstable layer emits hydromagnetic 
waves. These calculations will be applied to the 
analysis of the Stratoscope I photographs of sun- 
spot umbras. 

Gaustad and Rogerson have deduced the extreme 
solar limb intensity profile at a mean wavelength of 
5490 A from a limb photograph taken by the balloon- 
borne telescope in 1959. The emulsion used for this 
photograph permitted measurement of the light scat- 
tered outside of the solar limb, from which an esti- 
mate could be made of the wings of the apparatus 
function for the telescope. These wings are appar- 
ently considerably stronger than had been allowed 
for in an earlier analysis by Rogerson. 

Rogerson has measured the intensity and contrast 
of some well-resolved photospheric faculae appearing 
at a mean sin 6=0.99 on a photograph taken by the 
balloon-borne solar telescope. Compared to the un- 
disturbed photosphere at the same limb distance, the 
faculae are brighter by 64%, and the photosphere 
surrounding the faculae is brighter by 6%. A model 
has been developed for the facular granules which 
accounts for the observed center-limb contrast varia- 
tions of the faculae. The model facular granules differ 
from the photospheric granules in that the former 
are hotter by some 900° C in the layers above’r=0.3. 

Rogerson, in collaboration with Osterbrock (visit- 
ing at the Institute for Advanced Study), has investi- 
gated the helium and heavy-element abundance in 
gaseous nebulae and the sun. A new determination 
of the solar abundance ratios plus a rediscussion of 
planetary and interstellar data indicates that the 
abundances are essentially the same in all three types 
of objects. In terms of the mass fractions, these abun- 
dances are X=0.64, Y=0.32, and Z=0.04. 

Planetary Physics. Continuing analysis by Field 
of the decimeter emission from Jupiter shows that 
the strong magnetic fields required to produce cyclo- 
tron radiation will quickly destroy the energy of the 
trapped electrons. The lifetime of the radiation is 
only a few hours rather than the several months 
observed. Synchrotron radiation by relativistic elec- 
trons obviates this difficulty by reducing the needed 
field strengths. 
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Interstellar Matter. In a further study of the intez) 
cloud medium, Field has shown that the interclou| 
medium is definitely thermally unstable toward th} 
formation of cold, dense condensations, similar to th) 
observed clouds, if the gas is heated primarily bi 
fast particles. The instability grows by a factor e in; | 
few times 108 years. | 

Field’s investigation of the 3-cm line of hydrogel) 
shows that if Lyman-a in diffuse nebulae is as in} 
tense as claimed by certain authors, radiation aj 
g cm should be detectable in the Orion nebula aq 

“stimulated emission line.” 

Tal and Spitzer have computed the een: 
of the blanketing effect to be expected in the spectrun} 
of a B2 star in the far ultraviolet. The continuous 
opacity longwards of 912 A was attributed to Balmer 
absorption, and conventional abundances assumed! 
If the flux in the continuum is taken from a theo- 
retical model by Saito, the total stellar flux is re- 
duced by 20% if the damping constant has its 
classical value, and by 29% if a 10-times-greater 
damping constant is assumed. Most of the agin’ 
occurs between 912 and 1350 A. 

In a general survey of interstellar gas denies 
and star formation Spitzer has shown that there are 
substantial arguments for a low magnetic field in- 
tensity, about 210° gauss, instead of the currently 
accepted value of 2X10 gauss. In particular, star 
formation is difficult at the higher field. To obtain 
gravitational instability with the higher field would 
require cloud complexes substantially larger and 
denser than those observed. However, there are also 
arguments against the weaker field, and the inter- 
stellar magnetic field intensity is still an open 
question. 

In collaboration with Courtes at the Haute Pro- 
vence Observatory, Pottasch has observed that the 
ionized gas comprising the bright rim in NGC 6611 
is in motion at the speed of sound away from the 
elephant trunk; this result is in agreement with theo- 
retical predictions. Another interesting phenomenon 
has been observed in the spectra of the rims; there 
is a continuous and pronounced change in the ratio 
Hea: [Nut] across the rim, which appears to be con- 
nected with the cooling of the gas not yet in equi- 
librium. Observations have been obtained for other 
diffuse nebulae and the data are being analyzed. 

Pottasch has considered the effect of the high popu- 
lation of the 2°S metastable level in neutral helium 
in increasing the optical depth of diffuse nebulae for 
lines which arise from this level. Theory predicts a 
consequent change of the relative intensities of the 
triplet lines of helium. This effect of optical depth is 
observable in the Orion nebula and many planetary 
nebulae. In each case the total optical depth through 
the nebula can be found from the line intensities. In 
the Orion nebula and in NGC 7027 and 7009 the 


‘iil optical thickness in \3899 is apparently about 10. 


Vandervoort has investigated the instabilities of 


‘ionization fronts of the type which are believed to 
oceur at the boundaries of expanding Hr regions. 
ly) The instabilities are found to grow on a time scale 


—- 


¢t which may be short enough for the formation of 
irregular features such as “elephant trunks” which 
« are observed. Vandervoort has also begun an investi- 


gation of gas motions within expanding H1 regions. 
Flying Telescope Program. In the construction of 


the 36-inch Stratoscope II, the Perkin-Elmer Cor- 


poration has encountered an appreciable number of 


technical problems, none of which appear to be un- 
_surmountable, but which together show that the pro- 


duction of this instrument is a more challenging un- 


| dertaking than had initially been anticipated. For 
m example, theoretical as well as experimental work 
has shown that the fulfillment of the usual Rayleigh 


criterion for the maximum errors of the surface of 


_ the primary mirror is entirely insufficient for an 
# instrument of this aperture if diffraction-limited pho- 


tographs are to be obtained. In consequence, a major 
effort is under way to reduce the maximum errors 
of the primary surface to below a twentieth of a 
wavelength. The completion of the instrument is now 


expected in 1962. The television channel needed for 


Stratoscope II has been completed by the RCA 
Laboratories at Princeton. 

A contract has been given to the Vitro Labora- 
tories of Silver Spring, Maryland, to manage the 
ballooning activities for the Stratoscope II program. 
Owing to the high weight and value of the new 
instrument, balloons new in material and design, as 


well as new launching and landing methods have to 


be developed. The first test launching in February 
with a dummy telescope failed owing to balloon 
leakage. An inflation and leakage test of a balloon 
of new construction in April was a success. A further 
test with a dummy telescope involving a full over- 
night flight is in preparation. 

The Research Laboratories Division of the Bendix 
Corporation has nearly completed a design study on 
the electronic measuring and programming equip- 
ment to be used with a satellite-borne high-dispersion 
spectroscopic telescope. The goal of this study is the 
design of high-reliability circuitry having a 95% 
probability of operating without disabling failure for 
a period of one year. It is planned that this equipment 
be placed in orbit in 1965 as part of the Orbiting 
Astronomical Observatories program of NASA. The 
primary purpose of the instrument is the investiga- 
tion of ultraviolet interstellar absorption lines. 

‘The Perkin-Elmer Corporation has essentially 
completed the design of a 10-inch objective grating 
scanning spectrometer which will be flown in an 
Aerobee-150 A sounding rocket in the spring of 
1962. In addition to providing the spectrum scan- 
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ning, the grating is included in a fine-guidance servo 
system to allow pointing at a bright B star to within 
10 sec of arc. This rocket-borne instrument will 
provide information on the ultraviolet flux levels for 
the type of stars to be used in the satellite program. 
The measuring electronics are quite similar to those 
necessary for the satellite instrument and are being 
adapted, packaged, and tested by the Bendix Cor- 
poration. 


LyMAN SPITzER, JR., Director 


Department of Physics and Astronomy, The Uni- 
versity of Rochester, Rochester, New York 


The astronomical group in the Department of 
Physics and Astronomy consists of M. Savedoff, 
H. L. Helfer, and A. Skumanich. Research assist- 
ants are S. Vila and A. Vaughan. Miss S. Zalitacz 
continues as computer. Some work of astronomical 
interest will be reported by other members of this 
department and of the Institute of Optics. 

Chemical Abundances. (1) H. L. Helfer, in col- 
laboration with G. Wallerstein (at Berkeley) and 
J. L. Greenstein (at Cal Tech) have continued abun- 
dance determinations of the atmospheres of G dwarfs. 
Jointly, analyses of nine more stars have been pub- 
lished, including a redetermination of abundances in 
the Hyades. (Cf. Astrophys. J. 132, 533, 1960; 133, 
101, 1961; 133, 562, 1961.) The general results so 
far indicate that metal deficiency is not simply cor- 
related with the ages of the stars, it being possible 
to find very old and very young stars with the same 
metal abundance. An outgrowth of this work has 
been a systematic investigation of abundances in an 
additional 20 G dwarfs by Wallerstein in an effort 
to obtain an adequate statistical sample. His results 
(in press) materially strengthen this conclusion and 
seem to indicate that the important parameter de- 
scribing the metal deficiencies of the stars may be 
the height above the galactic plane at which the 
stars were formed. (2) Analyses of four of these G 
dwarfs and one G subgiant are underway using 
higher dispersion spectra in order to obtain abun- 
dance determinations of additional elements. (3) An 
extensive program on abundance determinations in 
K giants has been started in collaboration with 
Wallerstein. The greater intrinsic luminosity of these 
stars permit a sampling of a larger volume of space 
and present stellar evolution theory will permit more 
accurate estimates of their ages. Work on four stars 
is now under way and an additional 30 stars will be 
added to the program in the near future. 

Interstellar Medium. H. L. Helfer has completed 
an analysis of the motion of the local gas field. The 
simplest model adequately describing the kinematics. 
of the local gas indicates that the gas is taking part 
in a general velocity shear and compression with a 
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time scale of 10° years and does not seem to fit the 
customary circular rotation model assumed applicable 
in discussions of the motions of the bulk of the gas 
in the Galaxy. Gould’s belt appears to be represented 
by this differential velocity field if the Gould’s belt 
members’ velocities parallel to the galactic plane are 
independent of height above the plane and if the gas 
from which the stars arose has a velocity of about 
2 km/sec normal to the galactic plane. Results are 
contained in Astron. J. 66, 160, 1961. 

M. Savedoff and S. Vila have completed a paper 
on gravitational instability. They point out that 
Jeans’ criterion for instability is inconsistent with the 
results of a minimum pulsation period for radial 
pulsations of objects in hydrostatic equilibrium with 
l>4 and density increasing inwards. The hydro- 
dynamics of a particular model cloud with constant 
pressure, density, temperature and expansion rate 
has been worked out for arbitrary T. Results will be 
submitted to the Astrophysical Journal. 

H. L. Helfer has been investigating the solutions 
of the nonlinear hydrodynamic equations for motion 
of gas in the galaxy. By neglecting the pressure and 
viscosity terms he finds that coupling between radial 
perturbations and the differential rotation field lead 
to velocity discontinuities which resemble spiral arms. 
Further study of these discontinuities is planned. 

Stellar Evolution. M. Savedoff and S. Zalitacz 
have completed a study of the evolutionary tracks of 
stars of 10 solar masses. Slight differences from pre- 
vious results by R. Kushwaha have been found. The 
variational technique has been used to compute pul- 
sation periods as a function of evolutional age for 
this model and for the Schwarzschild-Harm model 
for stars of 28.6 solar masses. 8 Cep and o Sco have 
observed rates of period change which agree in order 
of magnitude with the theoretical results. 

X-Ray Astronomy. A. Vaughan, under the super- 
vision of M. Savedoff and A. Skumanich; has studied 
the x-ray photoelectric effect in gold, aluminum and 
lithium fluoride using a copper Ka source. Although 
high-energy resolution appears possible, the neces- 
sarily thin detectors prohibit useful astronomical 
applications. Studies of scintillation and proportional 
counter techniques is under way in collaboration with 
W. P. Alford and G. Fazio of the Physics Depart- 
ment. 

y-Ray Astronomy. A group in the physics depart- 
ment consisting mainly of G. Fazio, E. Hafner, and 
J. Klarmann are attempting to detect astronomical 
sources of y rays with counters and emulsions. No 
astronomical successes can be reported, although the 
successful design and testing of a counter has been 
reported in Rev. Sci. Instr. 32, 697, 1961. Emulsion 
techniques are feasible but scanning time has proven 
to be prohibitive. 
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Primary Cosmic Rays. M. K. Appa Rao has meas- | 
ured the He*/He*+He* ratio in the primary cosmic 
rays using emulsions exposed on high-altitude bal-, 
loons. In the low rigidity range of the cosmic-ray 
spectrum, 1.3 to 1.6 Bv, a ratio of 0.35+.1 was 
found. A second flight is being analyzed and pre- 
liminary analysis gives results consistent with those. 
quoted above. This work is reported in Phys. Rev. | 
1235 (2951961) A; 

In the Institute of Optics at this university, some 
activities are recorded here which are of astronomical 
interest. K. Teegarden and D. Dutton have been in- 
vestigating photoemission and photoconductive ultra- 
violet responses of solids for possible use in satellite 
instrumentation. In cooperation with the Goddard 
Space Center group under J.. Kupperian, M. Murty | 
and N. Hochgraf have been designing optical and 
mechanical components of the dispersive elements 
for an orbiting astronomical observatory. An objec- 
tive stellar spectrophotometer was designed and built — 
for this same group in NASA. Four systems were 
flown and the results will be analyzed and reported | 
by the Goddard group. 

For the Sacramento Peak Observanaem a high-— 
dispersion imaging spectrograph for limb darkening 
studies in Ly-a and the Lyman continuum has been 
designed and a prototype built by R. Blakney, R. 
Horner, and M. Murty. The system attempts to 
maintain 3” of arc angular resolution on the sun and 
a spectral resolution of 0.02 A at Ly-a when flown on 
the Ball Brothers’ bent-ogive system. 


| 
t 
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R. E. Marsuax, Chairman 


Sagamore Hill Radio Observatory, Electronics Re- 
search Directorate, Air Force Cambridge Research 
Laboratories, Bedford, Massachusetts 


EQUIPMENT 


New Facilities. Work was begun in June 1961 on 
the construction of a 150-ft-diameter altazimuth para- 
bolic antenna. 


CONFERENCES 


From February 15 to 17, 1961, intensive discus- 
sions of the solar-terrestrial events of the November 
10-20 period of 1960 were held at Bedford, Massa- 
chusetts. This was the period during which plage 
area HH5925 passed across the disk of the sun, 
producing a number of outstanding flares (including 
three cosmic-ray-producing flares), which were fol- 
lowed by magnetic storms, aurorae, airglows, and 
radio-communication blackouts. Because of the extra- 
ordinary nature of the November events and in order 
to compare notes quickly, Drs. J. Aarons and S. Sil- 
verman of the Air Force Cambridge Research Lab- 
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| oratories and Dr. T. Obayashi, an AFCRL visiting 


Scientist, invited scientists in all pertinent fields to 
a working conference. World-wide data were re- 
ported, compared, and analyzed in the light of theo- 
retical models which were proposed at the meeting. 
A summary report of the events is in preparation. 


SCIENTIFIC PROGRAM 


Atmospheric Studies Using Radio Astronomy 
Techniques. Further multifrequency studies of solar 
scintillation and of the scintillation from discrete 
sources Cassiopeia A, Cygnus A, Cygnus X, Taurus, 
Virgo, and Centaurus have been carried out in an 
attempt to separate the portions of the scintillation 


due to tropospheric irregularities from those due to 


ionospheric irregularities, to determine the size of the 
irregularities, and to correlate the data with auroral 
and magnetic activity. Simultaneous observations 
were made at frequencies of 109, 167, 220, 400, 1300, 
and 3000 Mc over a large range of elevation angles. 
Preliminary analysis indicated good cross correlation 
of the scintillation rates at the 109, 167, 220, and 
400 Mc frequencies. The 1300- and 3000-Mc fre- 
quency signals were correlated and agreed well with 
each other, but not with the scintillations at the lower 
frequencies. The presence of aurora was observed 
and noted on the lower frequency records but was 
hardly noticeable on the high-frequency records. 
More detailed data analysis of the scintillations of 
the signals from Cygnus A and Cassiopeia A is now 


under way. H. Whitney, J. Castelli, and R. Allen 


are conducting the study. 

W eather-Radio Effects. In cooperation with Rens- 
selaer Polytechnic Institute, a program of meteoro- 
logical studies has been undertaken in order to gain 
a better insight into the problem of weather effects 
on ionospheric and tropospheric propagation of radio 
waves. During July 1961, which coincides with the 
World Meteorological Interval, all the radio facilities 


. of the Sagamore Hill Observatory will be involved 


in meteorological observations. An attempt will be 
made to detect microwave emission from cloud tops 
of active cells by using, in a passive mode, the 84-ft 
radio telescope (operating with a multiband feed on 
3000, 1200, 400, 225, and 109 Mc) to track the cells, 
the location of which will be provided by the Blue 
Hills radar tracking site. Other equipment and liaison 
with other groups will serve to supply information 
on local conditions and the necessary meteorological 
picture at the time of storms. R. Straka and P. Har- 
ney of AFCRL and Dr. R. Fleischer, R. Falconer, 
and T. Roark of RPI are collaborating on the 
observations. _ 

Solar Eclipse Studies. Four members of the group 
headed by Castelli observed the total solar eclipse of 
February 15, 1961 at the Observatory of Arcetri in 
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Florence, Italy, a site located near the center of 
totality; Professor G. Righini is director of this 
observatory and his personnel cooperated in the ob- 
servations. AFCRL observers were Straka, W. Kidd, 
and C. Ferioli. The uneclipsed solar energy as a 
function of time was measured on the following 
equipment: A 5-m equatorially mounted antenna on 
which a 1270-Mc radiometer was used; a 4-ft equa- 
torially mounted.antenna, driven simultaneously with 
the 5-m dish, and on which a 9710-Mc radiometer 
was used ; a 6-ft equatorially mounted dish with cross- 
polarized feed, instrumented by the Arcetri group, 
and used with a radiometer which employed a time- 
sharing principle. The last-mentioned equipment 
could simultaneously measure: linear polarization 
and sense; one sense of circular polarization; the 
difference signal of the vertical and horizontal linear 
polarization ; and the difference signal of the left-hand 
and circular polarization signal. The sun was very 
cold and quiet during this period. However, the 
eclipse curves do exhibit some anomalies due to 
solar source activity. After corrections had been 
made for absorption, refraction, and the lunar tem- 
perature, the residual energy existing during totality 
(which occurred at an elevation angle of 12.65°) was 
found to be 6.6% at 9710 Mc. Preliminary inspection 
of data at 1270 Mc revealed a high residual signal 
at totality (24.6%) and an interval of about 17 min- 
utes between fourth contact and the time at which 
the eclipse curve flattened out. The radio eclipse at 
this frequency was only 93.5% complete at fourth 
contact. An attempt will be made to use these data 
to determine to some extent the radio diameter of 
the sun and the height above the photosphere of the 
enhanced regions at the 1270 Mc frequency. 

The eclipse measurements are being further an- 
alyzed by comparing them with a solar contour map 
made at Hamilton, Massachusetts using the 84-ft 
dish and a 3-cm pencil beam and also with 1300-Mc 
solar contour maps furnished by the C.S.I.R.O. 
Division of Radiophysics, Sydney, Australia. Straka, 
H. Cohen, and D. Wethey are reducing the data. 

Data reduction has been completed for the October 
2, 1959 eclipse observations. A report presenting a 
comparison of solar interferometric maps and eclipse 
observations has been issued. 

Solar Bursts. Preliminary investigations have been 
made of a possible technique for studying the mecha- 
nism of solar radio radiation by recording at discrete 
frequencies the modulation structure of solar bursts 
and the quiet-sun radio noise. S. Basu heads this 
group with Allen and Kidd observing. 

Observations were made at 220, 400, and 3000 Mc 
with the 84-ft parabolic antenna. The magnetic tape 
records, taken to observe direct-current to 600-cps 
fluctuations, were analyzed over the frequency range 
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of 5 to 550 cps to detect enhancements or absorption 
in this range. 

The solar radio activity of August 11, 1960 pro- 
vided an opportunity to record type II, type III, 
and type IV events. The modulation-envelope spectra 
of all types of bursts, when normalized against noise 
samples, showed definite structure; the high-fre- 
quency end of the very low frequency band was 
accentuated on all three frequency channels. Type II 
and type IV bursts were characterized by marked 
attenuation over certain very low frequency bands. 
These spectral regions were distributed throughout 
the analyzed band and had a maximum bandwidth 
of approximately 60 cps. The spectrum of the enve- 
lope of an isolated burst at 400 Mc showed a sharp 
and fast development of structure around two narrow 
very low frequency bands. 

A more detailed study of the modulation spectra 
over a wider band is being undertaken in an attempt 
to determine whether different types of solar bursts 
are associated with distinct patterns of audio modu- 
lation. : 

Transit of Mercury. On November 7, 1961, the 
84-ft antenna was used at 3 cm to observe the transit 
of Mercury across the solar disk. This equipment 
was chosen for these studies because, although the 
antenna efficiency is low at the operating frequency 
involved, very good angular resolution (about 7 min- 
utes of arc) is obtained. The possibility of noting any 
eclipsing of the solar energy by Mercury was very 
remote because of the ratio of approximately 160:1 
between. the diameter of the sun and of Mercury. 
However, the ratio between the diameter of a bright 
solar region and that of Mercury would be much 
smaller and might be of the order of 20:1. It was 
therefore thought that, if the Mercury transit hap- 
pened to pass across a bright solar region, some small 
decrease in the total antenna signal might possibly 
be noted. The records of the signals obtained during 
the period of transit are in the process of analysis. 
The path of Mercury actually did cross a bright 
region and preliminary studies indicate that a slight 
decrease in signal occurred at that time. 

Occultation of the Crab Nebula (Taurus A). Ob- 
servations of the occultation of the Crab nebula were 
made at frequencies of 1300 and 3000 Mc during the 
period from June 5 to June 21. The midpoint of the 
occultation occurred on June 15. It was possible to 
obtain drift curves of Taurus on all days except on 
June 15, at which time the Taurus signal could not 
be separated from the solar signal. The records are 
being studied to see whether they show any evidence 
of the following effects: (1) Change in the diameter 
of Taurus as the source approached the sun; (2) 
refraction effects on the signal from Taurus at the 


two frequencies during any portion of the period ~ 


under consideration. 
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Lunar-Reflection Measurements. Further work has 
been done on transatlantic moon reflections in co- | 
operation with Jodrell Bank, with the 84-ft antenna | 
at Hamilton receiving on two orthogonal antennas the | 
moon reflections of linearly polarized signals trans- — 
mitted on 100 and 99.4 Mc frequencies from Jodrell 
Bank. These observations have been used to study | 
the total integrated electron density for the two paths | 
by the Faraday polarization-rotation method. During | 
the period from November 8 to 14, 1960, which co- | 
incided with the passage of plage area 5925 across | 
the sun, and the consequent large solar flares and) | 
unusual terrestrial events, a 99.4-Mc bistatic moon- 
reflection experiment was conducted. Although regu-. 
lar Faraday fading was observed on the mornings of | 
November 11, 12, and 14, extremely fast changes in 
the rate of Faraday rotation of the plane of polariza- 
tion of the signals received at Hamilton were noted © 
by Whitney and J. Klobuchar on November 13. The 
path from the moon to Sagamore Hill went through 
the southern edge of an aurora. The hypothesis has 
been advanced that the different paths traveled by © 
the ordinary and extraordinary waves constituting 
the received signals encountered aurorally produced 
small-scale irregularities with high drift velocities 
which were responsible for the observed phase 
variations. 

Planetary Radiation—Jupiter Burst Studies. The 
necessary observational equipment for studying the 
fine-structure spectra of the Jupiter meter-wave- 
length radio bursts is being put into operation at 
Sagamore Hill. This equipment includes: an Air- 
borne Instrument Laboratory swept-frequency re-. 
ceiver covering the frequency range from 19.5 to 
40.5 Mc; a 35-mm recording camera for photograph- 
ing the output signal shown on the cathode-ray-tube 
display, which can also be recorded simultaneously 
on chart paper; two APC log-periodic antennas” 
spaced 180 m apart on an east-west baseline. Two 
more of these antennas will be added at a future 
date; they will be mounted in such a way as to | 
provide the choice of 90, 180, or 270 m separation 
on the east-west baseline, or 90 meters on the north- 
south baseline. The antenna beam is electrically 
rotatable in both the altitude and azimuth planes. 
Horizontal polarization will be used for the obser- 
vations by Straka, which will be started in the 
late fall. 


Juxes Aarons, Chief, Radio Astronomy Branch 


Sproul Observatory, Swarthmore College, Swarth- 
more, Pennsylvania 


We are saddened by the passing of Walter Baade. 
His short course on the structure and composition 
of galaxies given at Swarthmore College in the spring 
of 1953 is treasured in our memory. 


Van de Kamp gave the year course in Descriptive 
Astronomy and the seminar in Photographic As- 
trometry. Martin A. Pomerantz, Director of the 
_) Bartol Foundation of the Franklin Institute, gave a 
|seminar on cosmic matter, radiation and fields. 
Holden participated in the observing and teaching. 
Miss Lippincott was responsible for many facets of 
| the research program and supervised the measuring 
_and reductions carried out by Mrs. Dorothy Allen 

and Mrs. Mary Jackson. Graduate students Philip 

A. Janna and Jon K. Wooley were part-time assist- 
ants; W. Butler Burton, Robert J. Harrington, and 
H. Martin Walter assisted with the night work. 

Miss Lippincott attended the course in Structure 
and Evolution of the Galactic System organized by 
the Netherlands Universities Foundation for Inter- 
national Cooperation held in the summer of 1960 at 
Nyenrode Castle in the Netherlands. Van de Kamp 
attended the meetings of AURA, Inc., in November 
and March. In April van de Kamp received the 
John Glover Award by Dickinson College following 
his presentation of the Glover Memorial Lecture. 
_ Van de Kamp delivered an Aitken Lecture on June 
| 13 to honor and commemorate Dr. Robert Grant 
| 
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Aitken and his life-long work on double stars. The 
lecture was given during the meeting of the Astro- 
nomical Society of the Pacific at the University of 
Southern California, Los Angeles. 

Visiting lecturers included: Robert E. Danielson, 
Edwin W. Dennison, Frank Drake, Thornton L. 
Page, Nancy Grace Roman, and Rupert Wildt. 

A dew cap and objective cover were installed on 
the 24-inch refractor, while the installation of an 
audible timer for time intervals up to 5 minutes 

added greatly to the comfort of the observer. The 
inside of the dome was painted. 

Experiments are under way to test the 24-inch 
objective and to trace possible sources of seeing in 
and near the dome. Three ventilating fans were in- 

stalled in the windows of the dome. 

A turntable was installed on the Gaertner measur- 
ing machine, permitting rapid orientation through 
angles of 90°. 

Photographic observations with the 24-inch re- 
fractor were made on 144 nights; a total of 1619 
plates were taken. Evening observations were made 
on 124 nights, morning observations on 73 nights ; 
54 nights included both evening and morning obser- 
vations. 

The Observatory held open nights each second 
Tuesday every month during the college year. Some 
500 visitors availed themselves of this opportunity to 
visit the Observatory. The Astronomical League, the 
Rittenhouse Astronomical Society, the Montclair 
‘Telescope Club and other groups accounted for 
some additional 200 visitors. 

_ PETER VAN DE Kamp, Director 
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U. S. Coast and Geodetic Survey, Washington, 
DAG 


Variation of Latitude. The latitude observatories 
at Ukiah, California, and Gaithersburg, Maryland, 
were continued in operation throughout the year. 
These observatories, located on parallel 39° 08’, par- 
ticipate in the International Latitude Service pro- 
gram for the study of polar motion. Leonard F. 
Caouette was the observer at Ukiah; Alfred W. 
Helm was the observer at Gaithersburg, assisted by 
John D. Mulchi. At Ukiah, 3909 star pairs were 
observed on 239 nights, complete sets being observed 
on 178 nights. At Gaithersburg, 3282 star pairs were 
observed on 267 nights, with complete sets on 95 
nights. 

Geodetic Astronomy. A total of 97 latitudes, 94 
longitudes, and 87 azimuths were observed in con- 
nection with control of triangulation, studies of 
crustal movement, and various special geodetic 
requirements. 

James C. Tison, Jr., Rear Admiral, C&GS, 
Deputy Director 


United States Naval Observatory, Washington, 
De. 


Captain Alvin W. Slayden, USN, assumed the 
duties of Superintendent on 1 July 1961, upon the 
retirement of Captain Byron L. Gurnette, USN. 
Commander Rowland S. Wilson, USN, became 
Deputy Superintendent on 7 July 1960 upon the 
detachment of Commander William W. Robinson, 
USN. 

In order to provide staff assistance for increasing 
responsibilities of the Naval Observatory in Time and 
Frequency services and for new electronic instru- 
mentation programs, the billet of Technical Officer 
was established. LCdr A. B. Hallman assumed these 
duties in May 1961. 

Scientists appointed to the staff were: James B. 
Gibson, James A. Hughes, Miss Alden Johnson, 
Frederick J. Josties, William J. Klepcezynski, Mrs. 
Betty F. Mintz, Douglas A. O’Handley, Rodney K. 
Riddle, and Paul L. Rockman as astronomers; Fran- 
cis E. Council and James S. Kern as mathematicians ; 
and Jean G. Tellier as physicist. 

Dr. Gen-ichiro Hori, of Tokyo University and 
Yale University was on the staff for the months of 
September and October 1960 for a project in celes- 
tial mechanics. 

Those holding temporary appointments for the 
summer of 1961 were: Miss Laura Bautz, Frederick 
H. Canfield, Frederick E. Followill, James B. Kaler, 
Miss Carolyn Murphy, Sidney Parsons, James A. 
Sweet, and Jon K. Wooley. 
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Ulrich S. Lyons retired on 30 April 1961 after 
36 years of active duty at the Observatory. Dr. G. van 
Herk, Miss Martha Sherman, and Irving W. Linden- 
blad resigned. 

Sr. José A. Lopez, Observatorio Astronomico, 
San Juan, Argentina, was a guest astronomer from 
February to August 1961, working with the meridian 
astronomy divisions. 

Lts. G. Omay and Z. Tifekcidglu, Turkish Army, 
spent several months of training in the work of the 
Naval Observatory. 

Among the scientists from abroad visiting the 
Observatory were: J. Abdala, Caracas; C. S. Beals, 
Ottawa; A. Bhatnagar, Naini Tal; P. Bourgeois, 
Brussels; A. Boyarchuk, Crimea; F. Cernuschi, 
Buenos Aires; Dr. and Mrs. Delsemme, Liege; H. 
Freiesleben, Hamburg; E. Gaviola, Buenos Aires; 
A. Gomora, Buenos Aires; R. Griffen, Cambridge; 
B. Guinot, Paris; H. Hirose, Tokyo; C. Jaschek, 
La Plata; DeLynden-Bell, Cambridge; A. Marussi, 
Trieste; R. Miller, S. J., Manila; M. Miyadi, Tokyo; 
K. Rakosch, Graz; L. Randic, Zagreb; H. Rohr, 
Schaffhausen; F. Rutllant, Santiago; D. Sadler; 
Herstmonceux; J. Sahade, La Plata; E. Tengstrom, 
Upsala, and M. Torao, Tokyo. 

Three lectures for astronomers of the Washington 
area were sponsored by the Naval Observatory. The 
speakers were: Dr. Bernard Guinot, Paris Observa- 
tory, Dr. Cecilia Payne-Gaposchkin, Harvard College 
Observatory, and Dr. Adrian Blaauw, Kapteyn As- 
tronomical Laboratory. 

Approximately 10 300 persons attended the public 
tours during the year. 

G. M. Clemence and F. P. Scott, in November 
1960, participated in the international meeting on 
astrometry and celestial mechanics held at La Plata, 
Argentina, on the occasion of the dedication of the 
Southern Astrometric Station of the La Plata Ob- 
servatory at La Leona. Scott later conferred with 
astronomers at the National Astronomical Observa- 
tory, Santiago, Chile. The Universidad Nacional de 
Cuyo, Argentina, conferred the honorary degree of 
Doctor of the University on Clemence in June 1961. 
In May 1961, Miss E. Roemer attended the Lunar 
and Planetary Exploration Colloquium at Downey, 
California. K. Aa. Strand and Miss Roemer partici- 
pated in the AAS-NSF Visiting Professors Pro- 
gram. W. Markowitz attended the Twelfth General 
Assembly of the International Union of Geodesy and 
Geophysics in July 1960, at Helsinki, Finland, and 
the Conference for the Definition of the Second at 
Sévres, France, in April 1961. Markowitz conferred 
with the astronomers at the Observatorio Cagigal, 
Caracas, Venezuela, in May 1961 on the installation 
of a photographic zenith tube. 

Clemence completed his general theory of the 
motion of Mars. A provisional heliocentric ephemeris 
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by Raynor L. Duncombe and Clemence for the sec- 


ond half of the twentieth century, giving equatorial 
rectangular coordinates at a 4-day interval, was pub- 
lished in U. S. Naval Obs. Circ. No. 90. The defini=" 
tive ephemeris, which will appear in the national 
ephemerides, awaits the completion by Duncombe of 
a comparison of the theory with observations, which 
will yield definitive values of the constants of the 


orbit, and in addition, the first reliable determination © 


of the motion of the perihelion of Mars. The comple- 
tion of the theory of the motion will appear in Astron. 
Papers Am. Ephemeris XVI, Part II. 

A new general theory of the heliocentric motion’ 
of the earth has been~undertaken by Clemence. The! 


calculation of the perturbations of the first order is_ 
complete, and work on those of the second order is_ 


in progress. 

The American Ephemeris and Nautical Almanac 
for 1962 was issued 22 September 1960. The Nauti- 
cal Almanac for 1962 was issued 31 March 1961. 
The three parts of The Air Almanac for 1961 were 
issued 3 August and 14 December 1960, and 28 
March 1961. Astronomical Phenomena for 1963 was 
issued 14 September 1960. Astronomical Phenomena 
for 1964 was issued 29 May 1961. Astronomical 
Papers, XVI, Part I, Motion of Venus, 1750-1949, 
by Raynor L. Duncombe, was issued 3 October 1960. 
Tables of Sunrise and Sunset for 327 individual cities 
were issued 9 March 1961. Sunlight, Moonlight and 
Twilight for Antarctica 1961-1962 was issued 4 
August 1960. 

The Ephemeris for 1961 was prepared for the 
Bureau of Land Management, Department of the 
Interior. To meet requests from surveyors for addi- 
tional ephemerides, particularly of Polaris, several 
special calculations were made. 

Special tables of times of sunrise and sunset for 
105 localities and twilight for 34 localities were com- 
puted for the Federal Aviation Agency. 

The Nautical Almanac Office has continued to 
meet increasing demands for astronomical data and 
consultation for space technology, from governmental 
agencies and industrial laboratories. 

The program of keypunching and verifying star 
catalogues in cooperation with the Yale University 
Observatory has continued. The entire AGK2 Cata- 
logue has been completed, as well as N30 and the 
General Catalogue of Trigonometric Stellar Paral- 
laxes. ; 

An investigation of the motions of 12 minor planets 
to determine the mass of Jupiter was commenced. 

As time on the electronic computer permitted, cal-. 
culation of the Laplace coefficients and their deriva- 
tives was continued and computation of an ephemeris 
of the longitude and latitude of the moon for ancient 
and medieval times was begun. This ephemeris, to 
a precision of 0°01, is based on the expressions in 
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| Astron. Papers Am. Ephemeris, XV, Part I and is 


designed to meet a widespread need for positions on 


‘dates in the distant past for investigations of astro- 


nomical problems requiring the discussion of ancient 
and medieval observations, for research in the his- 
tory of astronomy, and for historical studies in many 
fields. 

The Observatory continued its participation in 


| internationally organized meridian circle programs 


for the improvement of the positions and motions 
of the stars. The AGK3R program, a cooperative 
effort involving meridian circles of the observatories 
at Babelsberg, Bergedori, Bordeaux, Heidelberg, 
Herstmonceux, Nicolaiev, Ottawa, Paris, Pulkovo, 
Strasbourg, and two instruments at the Naval Ob- 
servatory, has progressed steadily since it com- 
menced during January 1956. The observations of 
21 505 stars needed for the reduction of the AGK3 
plates are now 96% completed. In connection with 
this program, C. A. Smith completed the computation 
of apparent places for over 80000 observations of 
reference stars and fundamental stars made at the 
various observatories during the year. In all, over 
390 000 such computations have been made for this 
program, 

In anticipation of the completion of organizational 
details for the Southern Reference Star Program, 
J. L. Schombert has undertaken the tasks of increas- 
ing the number of stars in the KSZ list, 0° to —30°, 
as revised at the Pulkovo Observatory and putting 
the reference star list, —30° to —64°, selected at 
the Cape Observatory, on punch cards. He is also 
making preparations for the computation of apparent 
places and refractions for all observers of southern 
reference stars who desire such assistance. 

To facilitate the search for star places needed in 
the computation of proper motions, an index of the 
Geschichte des Fixsternhimmels, arranged by BD 
number is being prepared by Mrs. Georgianna W. 
Council. This work is about 40% completed. 

Observations of 11 326 AGK3R stars, 2930 close 
double stars, 246 Parenago stars, 17 Orion stars, 
and the four brightest asteroids were continued with 
the seven-inch transit circle. In all, 11 882 observa- 
tions were made with this instrument during the year. 

Equipment designed by James A. Hughes is being 
constructed to study the thermal environment of the 
seven-inch transit circle. 

E. S. Jackson’s discussion of the observations of 
Ceres, Pallas, Juno, and Vesta is approximately 
80% completed. 

Fundamental observations of the sun, moon, 
planets, the four bright minor planets, and the FK3 
and FK3 Supplemental stars north of —30° declina- 
tion were continued with the six-inch transit circle. 


‘The observations of the 11 686 AGK3R stars with 


this instrument are 93% completed. It is expected 
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that the required observations will be completed by 
the end of December. A total of 10 155 observations 
were made with this instrument during the year. 

Under the direction of S. M. Bestul, the discus- 
sion of the fundamental observing program 1949 to 
1956 has been resumed. About a year will be re- 
quired to prepare these observations for publication. 

J. W. Kitchens and Miss C. S. McGregor con- 
tinued to assist Dr. C. B. Watts with the final stages 
of the survey of the marginal zone of the moon. The 
work of the Air Force Aeronautical Chart and Infor- 
mation Center in preparing the charts for publication 
is nearly completed. Microfilm copies of the charts 
will also be available. 

Under the supervision of A. N. Adams, the pro- 
gram for digitalizing the micrometer screws of the 
six-inch transit circle was completed in January 
1961 and the system has been in operation since that 
time. A new type of motor drive was also developed 
for moving the right ascension screw. This system 
uses a synchro-controlled servo motor which is more 
powerful than the synchronous motor formerly used. 
The variable speed is obtained from a ball and disk 
integrator with cosine input. Similar equipment is 
on order for installation on the seven-inch transit 
circle. 

The photographic double-star program was con- 
tinued with the 26-inch refractor in Washington and 
the 24-inch refractor at the Lowell Observatory. A 
total of 583 plates, each with approximately 60 
images, was obtained. Of these, 356 were obtained 
by O. G. Franz at Flagstaff. A total of 310 plates 
was measured with two Mann measuring engines 
and reduced with the electronic computer. In order 
to facilitate the computation of double star orbits, a 
new table of X and Y (rectangular coordinates for 
elliptic motion) has been computed by Franz and 
will appear as an Observatory publication. 

Observations of the positions, magnitudes, and 
physical characteristics of selected asteroids and all 
comets to a magnitude limit of about 20.5 were con- 
tinued by Miss Roemer. This program has been 
greatly accelerated by means of: (1) a plate-reduc- 
tion program for the electronic computer, with which 
about 200 plate reductions were made during the 
past year, and (2) assistance in the measurement of 
plates and preparation of the material for machine 
reduction, partly through contract with the Lowell 
Observatory. Successful observations of 19 comets 
and 9 asteroids were made during the year, including 
the recovery of periodic comets Comas Sola,» Har- 
rington, Brooks 2, Encke, Schwassman-Wachman 2, 
Wirtanen, Forbes, and Tempel 2. Four of these were 
recovered during a record 16-day interval in August 
1960. 

The program of astrometry of stars in galactic 
clusters was continued by Franz using plates taken 
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with the 40-inch refractor of the Yerkes Observatory 
with an interval of about 50 years. The clusters are 
NGC 457, 7788, 7790, and h Persei. A discussion of 
NGC 129 was published during the year. 

The program of astrometric observations of the 
brighter asteroids was continued by J. L. Gossner. 
Sixty plates were obtained with the 15-inch astro- 
graph. 

A. A. Hoag observed a photoelectric sequence of 
76 stars in NGC 2099 at the request of Dr. Haffner 
of the Hamburger Sternwarte, and supplied 12 long- 
exposure plates of M3 to the Observatorio Astro- 
fisico Nacional de Tonantzintla at the request of 
Braulio Iriarte. An investigation of reciprocity fail- 
ure of emulsions exposed at low temperatures was 
continued by Hoag. 

Hoag and S. Sharpless, in cooperation with the 
Lowell Observatory and the University of Texas, 
completed the program of three-color photoelectric 
and photographic photometry of 7800 stars in 70 
galactic clusters. The results, including identification 
charts, color-magnitude diagrams, and two-color dia- 
grams will appear as Vol. XVII, Part VII of the 
Publications of the U. S. Naval Observatory. Spec- 
trograms and photoelectric measurements of the in- 
tensity of Hy are being obtained by Hoag and J. 
Gibson for the early-type stars in these clusters. 

Sharpless prepared two chapters for the Univer- 
sity of Chicago Compendium, Stars and Stellar 
Systems: “The distribution of supergiants, galactic 
clusters, associations, and emission regions,” and 
“Interstellar reddening.” Photometric and spectro- 
scopic observations of stars associated with emission 
nebulae and stars in the Orion aggregate have been 
continued by Sharpless. A discussion of the extension 
of the color-magnitude diagram of the Orion aggre- 
gate to a fainter limiting magnitude is in preparation. 

Photographs of the sun were obtained on 276 
days. Sunspot areas and coordinates were published 
in mimeographed form as the “Daily preliminary 
measures” and were distributed by the Observatory. 

The photoelectric Polaris monitor was operated on 
359 nights in Flagstaff during a total of 3115-dark- 
ness hours. Of this time, the transparency was greater 
than 90% during 1985 hours and 1610 of these 
hours were judged photometric. The 40-inch re- 
flector was used on 228 nights. 

To the equipment of the Astrometry and Astro- 
physics Division were added: (1) a Ridell motor- 
driven blink comparator which is capable of accepting 
8x10 inch plates and which provides viewing on a 
projection screen, (2) a Mann two-screw measuring 
engine for plates up to 1010 inches. The latter was 
digitized for punched-card readout by A. H. Mike- 
sell. He also supervised the complete overhaul of the 
Ilse measuring engine, which was provided with a 
digitized punched-card readout. The 12-inch Clark 
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refractor was overhauled and installed in the dome} 


tometer with digitized punched-card readout was| 
constructed in Flagstaff under the supervision of. 
Ae oag 

Funds for the construction of the 60-inch astro- | 
metric reflector were appropriated by the 86th Con- | 
gress early in July 1960. | 

C. W. Jones, Engineering, in Los Angeles con- | 


iy 
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the proposed telescope and observatory building. A | 
contract was awarded to Corning Glass Works for } 
procurement of the 62-inch and 36-inch fused silica is 
mirror blanks. Davidson Optronics of West Covina, } 
California, was awarded the contract for finishing the } 
mirrors. Boller and Chivens, Inc. of South Pasadena, | 
California accepted a contract to carry out a pre- | 
liminary study for furnishing such equipment as the | 
control console, the multiple exposure camera, a | 
photometer, a Meinel camera, and a spectrograph. | 

Upon completion of final plans and specifications, | 
Murray J. Schiff Construction Company of Tucson, | 
Arizona was awarded the contract for construction | 
of the observatory building, including the laboratory 
section, in May 1961. The construction is under the | 
supervision of the South West Division of the | 
Navy’s Bureau of Yards and Docks in San Diego, | 
California, with K. Aa. Strand as the technical | 
director. . 

Construction started in February 1961 of the 
Simon Newcomb Laboratory at Washington, which 
will house the Time Service and Astrometry and. 
Astrophysics Divisions. 

To meet increased requirements for accurate time, 
especially for satellite tracking, new transmissions by 
Naval radio stations were begun, as was international 
cooperation on synchronizing times of emission. On. 
1 July 1960, NBA, Canal Zone, began continuous 
transmissions of precise time and constant frequency 
on VLF, 18 kc. The day-to-day stability has a 
probable error of 5 parts in 101". Close coordination 
between the Royal Greenwich Observatory and the 
Naval Observatory on timekeeping was established. 
Control of LORAN-C timing began on 22 May 1961. 
This system is expected to provide microsecond ac- 
curacy in timing within a range of 1000 miles of 
each LORAN-C transmitter. 

The system of atomic time A.1 is based on nine 
atomic oscillators (cesium), located in several 
countries. 

During the year observations were made of 2971 
stars on 200 nights in Washington and 4027 stars 
on 266 nights in Richmond, Florida, with the photo- 
graphic zenith tubes. 

Time signals from Naval radio stations NSS, 
NPG, NPN, and NBA; from the National Bureau 
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a Hof Standards stations WWV and WWVH: 
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E | from other stations were monitored. Corrections w ere 


4 
» Markowitz and R. G. Hall made a study of the 
| 


published in Time Service Bull. 174-191. 


' rotation of the earth, using observations from June 


1955 to February 1961. They found no abrupt 


+ changes in the speed of rotation of the earth, but 
» ‘they found one change in acceleration in 1957. 


One hundred fifty sets of plates were obtained 


- with the moon position camera on 95 nights. Obser- 
» yations have been received from Mt. Stromlo, Ha- 
| waii, Ottawa, San Diego, Sao Paulo, Cape, Tokyo, 


' Greenwich, Perth, Paris, San Fernando, 


Helsinki, 
Upsala, Curacao, and Naini Tal observatories, and 


2899 plates have been reduced for the position of 


the moon and for the determination of Ephemeris 


_ Time. 


Observations were made on 129 nights with the 


_Danjon Astrolabe. Observations made on 249 nights 


San Diego, and Washington were re- 
The results are being sent to the Paris 


at Hawaii, 
duced. 


_ Observatory. 


Publications by the staff in addition to those 


| mentioned above were: 


| Adams, A. N. and Bestul, S. M. 1961, 


“Meridian 
observation of the moon, 1958-1959,” Astron. J. 
66, 36. 


| Clemence, G. M. 1960, “Controlled experiments in 


on 


| Franz, O. G. (with A. P. Lenham). 1961, 


celestial mechanics,’ Astron. J. 65, 272; and 
(with Dirk Brouwer) 1961, Methods of Celestial 

_ Mechanics (Academic Press Inc., New York). 

“Astro- 
metric investigations of galactic clusters. 1. NGC 
129,” Astron. J. 66, 16. 

Hoag, A. A. 1960, “Low temperature modification of 
reciprocity failure in astronomical photography,” 
Publs. Astron. Soc. Pacific, 72, 352. 

Markowitz, Wm. 1960, “The photographic zenith 
tube and the dual-rate moon-position camera,” a 

~ chapter in Telescopes, Vol. I of Stars and Stellar 
Systems (The University of Chicago Press, IIli- 
nois). 


_ Markowitz, Wm. and Hall, R. G. (with R. R. Stone, 


Jr.). 1960, “Time and frequency synchronization 
of Navy VLF transmissions,” JRE Trans. on 
Instrumentation 1-9, 155. 

Mikesell, A. H. 1960, “Star twinkling and seeing,” 
Space Science X, No. 3, 2. 

Roemer, E. 1961, “Comet notes,’ Publs. Astron. 
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Astronomical research is carried on in the Atmos- 
phere and Astrophysics Division, Dr. Herbert Fried- 
man in charge. The program includes rocket and 
radio astronomy, and is conducted by three branches. 


RocKeET SPEcTROScopy BRANCH 
PERSONNEL 


The Rocket Spectroscopy Branch is comprised of 
five sections, including two groups performing re- 
search from rockets and three groups contributing 
theoretical and laboratory support. Solar Spectros- 
copy research from rockets is directed by J. D. Pur- 
cell, who is assisted by C. R. Detwiler, D. L. Garrett, 
and Walter E. Austin. The Night Airglow is studied 
from rocket platforms by M. J. Koomen, Miss Irene 
G. Gulledge, and H. W. Cooper, under the direc- 
tion of Dr. D. M. Packer. Dr. D. C. Morton and 
Dr. K. G. Widing form a third section dealing with 
Theoretical Astrophysics. Laboratory work is con- 
ducted in two sections by W. R. Hunter, assisted by 
Donald W. Angel, and by Dr. Philip G. Wilkinson. 
Additional support is provided the Branch by five 
technicians and several summer employees. 


EQUIPMENT 


Astronomical work is conducted principally from 
rockets. Approximately five Aerobee-Hi type rockets 
per year are instrumented by the Branch. Supporting 
work is carried on in the Laboratory where two 1-m 
vacuum monochromators are available. A 21-ft vac- 
uum spectrograph is in the process of installation, 
and a grazing incidence monochromator is being 
constructed. Several vacuum systems are available 
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for the production of evaporated coatings. Commer- 
cial monochromators and spectrophotometers are also 
available for routine laboratory measurements. 


PROGRAMS 


Extreme Ultraviolet Solar Spectrum. The pro- 
gram, initiated in 1946, to explore the extreme ultra- 
violet spectrum of the sun is continuing. The spec- 
trum obtained with a double-dispersing spectrograph 
on April 19, 1960 has been largely analyzed. Most 
of the lines have been identified and the intensity 
distribution has been determined over the wavelength 
range 2100 to 850A. A small grazing incidence 
spectrograph, flown on June 21, 1961, photographed 
the solar spectrum over the wavelength range 700 to 
170 A. The background produced by stray light was 
eliminated by interposing a film of aluminum 1000-A 
thick in front of the slit, and as a result, the back- 
ground intensity was practically zero. The photo- 
graphed spectrum shows approximately 40 emission 
lines in the wavelength range 170 to 310 A. Many 
lines in the neighborhood of 200 A are present near 
400 A in the second order, and 600 A in the third 
order. Very few if any lines in the wavelength range 
350 to 700 A were photographed because the peak 
altitude attained by the rocket was only 205 km. At 
this altitude absorption by NV, is intense aboye 350 A, 
but weak below 300 A. At this writing the only lines 
that have been positively identified are the 304 line 
of Het and the next three members of the series. 

High-Resolution Spectroscopy. A high-resolution 
spectrograph for studying the profile of Lyman-a 
of hydrogen was constructed using an echelle grating. 
This instrument was capable of resolving better than 
0.01 A in the laboratory. It was flown on June 21, 
1961; however, no results were obtained because the 
stray light produced by the external diffraction grat- 
ing was excessive and swamped the Lyman-a line. 
It is planned to illuminate the echelle spectrograph 
with a double-dispersion system and fly it again dur- 
ing the coming year. 

Night Airglow. The first extreme ultraviolet spec- 
trum of the night airglow was obtained by Dr. 
Morton and Mr. Purcell, who flew a simple photo- 
graphic grating spectrograph in a rocket on 17 April 
1961. A single exposure was made during the flight 
of which about 4 minutes was above 100-km altitude. 
Lyman-a and nothing else showed on the spectro- 
gram which confirmed the discovery of Lyman-a in 
the airglow, made by Chubb and Friedman of the 
Naval Research Laboratory with a broad-band pho- 
toelectric detector. 

In a second experiment in the same rocket the 
first successful use of a Lyman-a resonance absorp- 
tion cell was made by Morton and Purcell. By plac- 
ing a cell filled with H, before the Lyman-a broad 
band detector, and heating a tungsten filament in 
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the cell, a very narrow absorption line was produced. | 
This cut out completely the Lyman-a emission as_ 
seen from the atmosphere below; although it elimi- 
nated most of the Lyman-a emission from the over-_ 


head sky, no Lyman-e stars were discovered, prob- | 


ably because of too low detector sensitivity. 


Two night airglow experiments were flown in | 
rockets since the last report. The first was launched - 
November 9, 1960 and carried photoelectric filter | 


photometers and two spectrographs designed to re- | 


cord the airglow spectrum between 2000 and 4000 A. 


q 
Spin-yaw resonance coupling occurred shortly after ; 


fuel burnout and the rocket became oriented in a 
so-called “flat spin.’*.As a consequence, the instru- 
ments recorded the airglow a very small portion of 
flight time and no spectra were obtained. A pho-' 


tometer with a very narrow bandpass (<20 A half-— 


: 
‘ 


j 
4 
: 
: 
. 
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width) filter centered at 6300 A showed the existence ~ 
of two emitting regions, one near 100 km and the 
other definitely higher. The responses of two pho-— 
tometers, one centered on the (0O—0) atmospheric 
band of O, at 7620 A and the other on the (O—1) _ 
band of O, at 8640 A indicated that both emission 
maxima occurred very nearly at the same altitude. 


The second night airglow experiment was flown June 


17, 1961 to an altitude of 197 km and carried much 
of the equipment successfully recovered by a para-_ 
chute from the previous flight. Good data were ob-_ 


tained for the OH in the region of 6230A, the 
atmospheric (O—O) and (O—1) bands and the ultra- 
violet near 2700 A. The 6300-line radiation due to 
atomic oxygen was measured, and the data show 
that the layer height was greater than the 197-km 
peak altitude of the rocket. Further reduction of the 
data is in progress. Another attempt to photograph 
the ultraviolet spectrum of the airglow is currently 
scheduled for the last week in October 1961. A 
review .of the Naval Research Laboratory rocket 
results for the altitude-intensity distributions of a 
number of airglow emissions was published in the 


Annales de Géophysique 17, 1961. ; 


Laboratory Work. A program of experimental 
extreme ultraviolet work in the laboratory is carried 
on in support of the program of rocket spectroscopy. 
One of the principal accomplishments during the past 
year was the production of a high-reflecting coating 
for the Lyman- line of hydrogen 1026 A. This was 
produced first by laying down a fresh coat of alumi- 
num, then overcoating with the proper thickness of 
lithium fluoride. To prevent deterioration of the 
lithium fluoride, a coating of about 15 A thickness 
of magnesium fluoride was deposited over the lithium 
fluoride. The normal incidence reflectance of coat- 
ings of this type is 60% to 65% at Lyman-f. Occa- 
sionally even higher reflectances have been obtained. 
The reflectance becomes extremely small below 
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| 1000 A. At Lyman-e the reflectance is of the order 
of 60%. 


Satellite Experiment. At the invitation of the 
National Aeronautics and Space Administration 
(NASA), experiments were proposed for the S-17 
orbiting solar observatory. This Branch is designing 


a coronagraph to monitor the white light corona 
from about 10 minutes of arc from the limb to six 
solar radii. It is planned to scan the image produced 
| by the coronagraph with a scanning area varying 
_ from one minute in diameter near the limb to six 
solar radii. Both radial and tangential polarized 


images will be obtained. The objective lens is to be 
shaded from sunlight by an external occulter. 

A second satellite experiment is a Lyman-a solar 
monitor. With a diffraction grating a Lyman-a image 


of the sun’s disk will be produced which will be 
scanned photoelectrically. The electrical signal thus 


obiained will be telemetered to ground at frequent 
intervals where the solar disk image will be recon- 
structed. 


R. Tousgy, Branch Head 


Uprer Air Puysics BRANCH 


PERSONNEL IN ASTRONOMY PROGRAM 


The Upper Air Physics Branch under Dr. Talbot 
A. Chubb contains two sections devoted to astro- 
nomical studies, namely the Solar Radiation Section 
headed by Robert W. Kreplin, and the Rocket As- 
tronomy Section headed by Edward T. Byram. Dr. 
Philip W. Mange is the Branch theorist. Branch per- 
sonnel concerned with the astronomy program in- 
clude the following members: John F. Meekins, 


_ Arlyn E. Unzicker, Richard L. Blake, Randoph G. 


Taylor, Julian M. Siomkajlo, Blair J. Zajac, David 
D. Morrison (summer only), C.° Stuart Bowyer 
(summer only), Gilbert G. Fritz (summer only), 
and supporting technicians Donald D. Brousseau, 


Paul L. Lester, and Joseph J. Nemecek. 


INSTRUMENTAL 


Because the program is conducted from rockets 
and satellites, most of the instruments used by the 
Branch are destroyed in the process of use. There 
are, however, some nonconsumed facilities that 
should be mentioned. Among these is a mobile tele- 
metering trailer with equipment for recording 
FM/FM telemetry at any location to which the 
trailer can be pulled. The Branch also possesses 
several vacuum monochromators which are used in 


the preflight calibration of photometers. 


The NRL Solar Radiation IIT (SR III) satellite, 
launched on 29 June 1961, continues the series of 
orbiting solar observatories. SR III monitors the 
sun with two x-ray detectors instead of with one 


_ x-ray and one ultraviolet detector as in SR I, since 
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SR I found that Lyman-a radiation is relatively 
constant. Since the attempt to launch two piggy-back 
satellites (SR III and the SUI Injun) was only 
partially successful because the two did not separate, 
the planned spin axis rate was not achieved and 
the aspect problem is complicating data reduction. 
Solar Radiation IV satellite, with x-ray sensors sen- 
sitive to different radiation bands, is planned for the 
near future. 

A soft x-ray laboratory is now under construction, 
which will contain a high resolution vacuum diffrac- 
tometer employing a Henke source and a detector 
calibration apparatus. A laboratory spectrometer is 
also planned to support the solar x-ray photography 
and spectroscopy program. 


PROGRAMS 


Flare Program. The SR I satellite had a lifetime 
of about four months, during which numerous meas- 
urements were made of solar x-ray and Lyman-a 
radiation. No sudden abrupt changes in intensity of 
Lyman-a were observed from 22 June to the first 
week of October 1960. We can conclude with some 
confidence that, during this period, the absolute in- 
tensity of Lyman-e radiation did not change by more 
than 50%. From the results of the x-ray experi- 
ment, it appears that low level radiation, i.e., a level 
of about 1x10-* ergs per cm? per sec can be cor- 
related best with active regions on the solar disk. 
Increases in x-ray fluxes above this level generally 
correlate with flares, sudden disappearance of dark 
filaments, or limb events. 

At times of active events, such as sudden dis- 
appearance and major flares, the x-ray flux increases 
and if it reaches a value of about 3X10 to 5x10° 
ergs per cm? per sec one begins to observe SID 
phenomena associated with the event. These fluxes 
are calculated for the energy range 0 to 8A on the 
basis of a 2X10° °K graybody distribution. Meas- 
urements with one detector cannot yield information 
about the spectral distribution of the radiation. We 
know that during flares the x-ray radiation becomes 
harder as well as more intense. This shift in spectral 
distribution undoubtedly plays an important role in 
the production of SID events. 

X-Ray Photography of Sun. The solar x-ray pho- 
tography program was initiated with a simple pinhole 
camera flown in the spring of 1960. The program 
objective is to observe the distribution of soft x- 
radiation (1-100 A) over the solar disk, to determine 
the long- and short-term variations of intensity and 
to interpret the results in the light of the theory of 
solar x-ray emission. 

Absolute quantitative results from the first picture 
are quite uncertain as regards intensity due to lack 
of precise calibration of the photographic film and 
transmission curve of the visible and _ ultraviolet- 
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opaque film over the pinhole. However, we were able 
to ascertain that some limb brightening exists, that 
the sunspot-active regions produce at least a fourth 
of the total emission but cover less than three per 
cent of the disk area and that x-ray emission extends 
to at least 40 000 km above the photospheric limb. 

The second camera was flown 21 June 1961 from 
which pictures were obtained in three wavelength 
bands between 10 and 100 A. While these have not 
yet been analyzed in detail it may be said that the 
results appear consistent with previous measurements. 
Limb brightening is definitely present and the emis- 
sion extends to somewhat greater altitude than could 
be measured on the first picture. 

Future plans for solar x-ray photography include 
development of an image intensifier for use with 
pinhole cameras, high resolution x-ray telescopes 
probably utilizing total reflection at grazing incidence 
and introduction of a third degree of pointing control 
in order to eliminate smearing of images. 

The solar x-ray spectroscopy program is still in 
the development stage. The planned experiments call 
for use of crystal spectrographs with Geiger counter 
and photomultiplier detectors. Some preliminary 
work has been done on long spacing organic crystals 
which indicates that these may be employed along 
with gypsum to cover the range from 5 to 100A. 
Two rocket experiments for photography and spec- 
troscopy are planned for September 1962. 

S-17 Satellite Experiment. The Upper Air Physics 
Branch is also participating in the instrumentation 
of S-17 (reported by R. Tousey above). Experi- 
ments are being designed to 

(a) scan the solar disk in 8-20 and 44-80 A x- 
rays so as to observe the growth and decay of active 
centers of x-ray emission; 

(b) monitor the eclipsed sun for x-ray emission 
which might occur at high altitudes following surge 
prominences or the development of type IV emission 
regions ; and, ; 

(c) monitor the sun for short-lived x-ray bursts 
which might accompany type III radio noise bursts. 

Rocket Astronomy Program. Two rockets equipped 
with telescope-photometer combinations sensitive in 
the far ultraviolet were flown. It was again estab- 
lished that no nebular glow of intensity. 1>3x10° 
ergs/cm*/sec/ster was observable in the bands 1290- 
1350 and 1350-1550 A. Point source signals from 
more than two dozen B type stars were recorded 
in each band. Stellar intensities may be slightly be- 
low expectation. Unfortunately no new data on either 
stellar emission or nebular glow has been obtained 
in the region 1216-1290 A. 

A search for a night helium glow at 304 and 584 A, 
similar to the night Lyman-a glow, show that the 
night helium glow has an intensity less than 3x10 
ergs/cm?/sec/ster. An experiment in which the night 
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Lyman-a glow was viewed through an atomic hy- 
drogen scattering cell in which atomic H was alter-_ 
nately generated and permitted to decay during suc- | 
cessive periods throughout flight, showed that the | 
night Lyman-e glow contains not less than 80% , 
radiation scatterable by atomic hydrogen at rest rela- 
tive to the earth. The radiation not scattered out of 

the scattering chamber showed no marked intensity | 
variation with view direction. It is concluded that_ 
most if not all the night Lyman-a glow is caused by | 
atomic hydrogen in the earth’s exosphere. 


Tacsot A. Cuuss, Branch H cad 


Rapio ASTRONOMY BRANCH 


PERSON NEL 


Robert H. Bruton of the Radar Astronomy Sec- 
tion resigned during the year. The Radio Sources — 
Section was joined by Robert A. Mennella, formerly — 
of the Radar Division of NRL, and by William K.— 
Rose of Columbia University. Summer student 
trainees Ernest Hildner of the University of Colo- — 
rado, Boulder, and Michael P. Weinreb of Brandeis © 
University, Waltham, Massachusetts returned during 
the summer of 1961. 


INSTRUMENTATION 


The design and development of a 9.4-cm solid- 
state maser for astronomical observations have been 
continued by W. K. Rose, who is a graduate student 
of Professor C. H. Townes at Columbia University. 
Bologna and Rose are incorporating the maser into 
a radiometer system for installation on either the 
50-ft or the 84-ft antenna during the coming year. 
The maser bandwidth is about 20 Mc with a gain 
of 20 db, and the equivalent noise temperature of 
the system should be about 75° K. It is expected that 
the minimum detectable signal will be about 0.03° K, 
with a l-sec integration time constant, which is an 
improvement by a factor of 6 over the 9.4-cm radi- 
ometer presently in use. 

Also in cooperation with Columbia University, a— 
21-cm maser was tested on the 84-ft antenna for a 
time during 1960. Designed by Arno Penzias, a 
graduate student at Columbia, the maser was in- 
tended to feature a wide tuning range. Although the 
tuning properties were satisfactory, the inclusion of 
this flexibility resulted in higher instability than had 
been hoped for, and the maser was of limited use- 
fulness as a preamplifier for radio astronomy. 

In the absence of a very low noise preamplifier 
(which usually has a limited bandwidth), it is pos- 
sible to increase radiometer sensitivity by widening 
the frequency band received. Since the sensitivity 
improves with the square root of the bandwidth, a 
useful improvement requires a bandwidth increase of 
about four times—more if there are attendant losses 


in sensitivity elsewhere. For superheterodyne receiv- 
ers, it is the intermediate frequency (if.) bandwidth 
that is involved, and the difficulty of retaining an 
adequate if. noise factor with a wide band has de- 
terred consideration of wide-band superheterodynes. 
However, recent developments in high-transconduct- 
ance electron tubes have enabled LEL, Inc. of Co- 
/piague, New York to produce a most advanced if. 
amplifier design to conform to specifications set forth 
by Grant and Gibson of this Branch. The pass band 
‘extends from 100 to 200 Mc, and the noise factor 
is less than 3 (5 db). Other characteristics are com- 
| patible with radio astronomy requirements, and it is 
anticipated that a useful improvement in sensitivity 
will be achieved, particularly-in the millimeter wave- 
length range. 

The advent of the Philco type 1N2792 germanium 
crystal for the 4.3-mm band made possible noise fac- 
tors surpassing the best previously obtained with 
silicon crystals at this frequency. Using this type 
crystal in a balanced mixer with an Amperex DX-151 
local oscillator, Grant and Corbett have developed the 
rf and if. portions of a 4.3-mm receiver of the 
rapid-comparison, or Dicke, type in which a rotating 
eccentric disk provides for switching from antenna 
to ambient-temperature reference. Noise factors at 

the mixer input as low as 20 (13 db) are obtained 
with selected crystals. Neon noise tubes are used for 
calibration and to supply in the antenna line a noise 
signal to approximately balance the ambient level 
when observing faint sources. The balancing provi- 
sion is helpful in minimizing variations in base level 
caused by a rather marked dependence of gain on 
temperature. 

_ In order to expedite the 4.3-mm observational pro- 
gram, this equipment has been added to the existing 
8.6-mm equipment on the 10-ft antenna, and the 
arrangement permits the use of the existing 30-cycle 
amplifier and recorder units developed for the 8.6- 
mm system. The over-all system sensitivity at 4.3 
mm is, for point sources, about 1 or 2 db better than 
the 8.6-mm system sensitivity when differences in 
noise factor, transmission line loss, antenna gain, and 
atmospheric attenuation are counted. 

Radiometers for 3.15 and 9.6-cm wavelengths were 
installed together in the 50-ft reflector early in March, 
and have been used by Mayer, McCullough, and 
Sloanaker to make simultaneous observations of 
Venus at these wavelengths, described under Obser- 
vational Results. Both radiometers are comparison- 
type superheterodynes making use of ferrite switch- 
ing between the antenna and a reference sky horn, 
with the balancing remotely adjustable by motor- 
driven attenuating disks dipping into the input wave- 
guide lines. Improved performance, compared to 
earlier receivers of this type used here, was achieved 
by the use of a wider if. bandwidth of 10 Mc, and 


TN 


OBS RAVAE ORY RE PORTS 


487 


by more recent components, resulting in a peak-to- 
peak output fluctuation of about #° K with a 2-sec 
integration time. Both radiometers are mounted near 
the focus of the reflector; the 3.15-cm feed antenna 
is located at the focus and the 9.6-cm feed is off-axis 
in the azimuth direction in the focal plane. 

Edelson and Santini have begun making modifica- 
tions to the NRL and SECASI Ha heliographs from 
photographic to photometric applications. A com- 
parison-type receiver, using an EMI 9558B photo- 
multiplier tube which has a quantum efficiency of 
about 5% at 6563 A, will be used with a conven- 
tional chopper at 270 cps. The equipment will be 
used to detect and measure the effects of solar flares 
on the integrated solar intensity in Ha, and to inves- 
tigate the possible presence of Ha emission in the 
Jovian atmosphere at times of occurrence of low- 
frequency bursts. The planetary tracking system will 
employ a single EMI 9502S photomultiplier tube in 
combination with a rotating knife-edge at 30 cps. A 
simple switching device will make it possible to use 
the same magnetic amplifiers for the solar and plane- 
tary guidance systems. With a few minor adjust- 
ments it will be possible to use the telescope for 
cinematography of the sun as originally designed. 

The contract to relocate this instrumentation from 
its present temporary site at Bald Eagle to the 
Maryland Point Observatory has been awarded, and 
complete relocation is expected by the end of Oc- 
tober. Also planned for installation at Maryland 
Point is a recently completed new equatorial mount 
and precision-surface 10-ft reflector for 4.3-mm 
observations. 

In order to facilitate the processing of observational 
drift-curve recordings, a Benson-Lehner chart read- 
ing equipment has been obtained to digitalize re- 
cordings. This equipment has been found compara- 
ble in accuracy to visual chart reading procedures, 
and is more rapid and less tiresome. Direct digital 
recording has been used to some extent at 21-, 10-, 
and 3-cm wavelengths, but some difficulty was ex- 
perienced with faulty operation. 


OBSERVATIONAL RESULTS 


Discrete Sources. Some of the brighter sources 
were observed at 9.4-cm wavelength by Mayer, Mc- 
Cullough, and Sloanaker using the 84-ft reflector 
during December, January, and February. The per- 
formance of the 9.4-cm radiometer was a factor of 
2 better than that of the 10-cm radiometer previously 
used with this reflector, and some of the 10-cm wave- 
length polarization and intensity measurements made 
in 1958 and 1959 were repeated at 9.4 cm with 
higher precision. An effort was made to determine 
more accurate ratios of the intensities for the sources 
Cassiopeia A, Cygnus A, Taurus A, and the Orion 
nebula; and measurements were made of the polari- 
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zation of the radiation from Taurus A (the Crab 
nebula). Also, a further search was made for linearly 
polarized components of the radiation from the 
sources Cassiopeia A, Cygnus A, Virgo A, and 
Sagittarius A. The measurements indicated the pos- 
sibility of a very small polarized component in the 
radiation from Virgo A and gave negative results 
for the other three sources. The polarization meas- 
urements were made by rotating the plane-polarized 
antenna feed horn about its axis by a motor drive, 
and therefore only linearly polarized components of 
the radiation could be distinguished. 

In the same manner, polarization measurements 
using the 50-it reflector at 3.15-cm wavelength have 
been made of some of the brighter sources- along 
with the Venus observations described below. 

Planetary Radiation—Venus. Observations of 
Venus through the inferior conjunction of April 10, 
1961 were begun early in March by Mayer, McCul- 
lough, and Sloanaker using the 50-ft reflector at both 
3.15- and 9.6-cm wavelengths. The 9.6-cm observa- 
tions were completed early in May, but the 3.15-cm 
measurements were still in progress at the end of 
July. The performance of both radiometers was better 
by a factor of 2 than that of the radiometers used to 
make extended measurements of Venus near these 
wavelengths at the inferior conjunctions of 1956, 
1958, and 1959. The present observations are spread 
over a considerable range in phase angle, and they 
should more accurately define the correlation between 
phase angle and average radio brightness over the 
disk that was suggested by the earlier measurements. 

Also, 4.3-mm observatons of Venus were made 
by Grant and Corbett on many days from March to 
June. The results indicate that the brightness tem- 
perature at this wavelength is about 300°K or less, 
based on the few sets of data thus far reduced. This 
result contrasts with the value of 410°K reported by 
Gibson for 8.6-mm observations in 1958, and, if this 
preliminary conclusion is correct, a pattern of grad- 
ual transition in brightness irom centimeter to infra- 
red wavelengths will be established, because a value 
of approximately 600°K has been found earlier for 
wavelengths near 3 and 10 cm by Mayer, McCul- 
lough, and Sloanaker. 

Planetary Radiat asa During May, June, 
and July 1960, A. C. Miller made numerous measure- 
ments of the continuum radiation from Jupiter at 
1440 Mc (20.8 cm). The position of Jupiter was in 
the galactic plane, greatly complicating the data re- 
duction. Reductions are still in progress, and it is 
not expected that more than an over-all mean tem- 
perature value for 1960 will be forthcoming. Also, 
polarization was at right angles to the most intense 
direction as recently determined by V. Radhakrish- 
nan and J. A. Roberts. Future instrumentation will 
be designed to include polarization as a variable. 
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~ 26 000-76 500 km above the photosphere can explain hs 


An account of the earlier 10.2-cm observations 0 
Jupiter, touched upon in last year’s report here, 
been published by Sloanaker and Boland (see 
of publications at end). 

Sun. Edelson’s study of the variable components} 
in the sun’s radiation at radio and optical wave-} 
lengths was completed and submitted to Georgetown} 
University in partial fulfillment of the requirements: 
of the Ph.D. degree, which he received in June. The 
calculations, which take into account the deviations 
from spherical symmetry and refraction in the solar 
atmosphere, show that condensations having an aver- 
age electron density of 2.4 10° cm’, a kinetic tem>} 
perature of 310° °K, and located ied heights 


the brightness temperatures of radio “hot spots” ai 
50 cm. From September 1958 to May 1959, the re- | 
sults suggest a 0.43-cm variable thermal component 
originating in regions of very low opacity (7=| 
0.000425) between 18000-66000 km, which may 
raise the Hees Te radiation levels between 30 
xX 10-**-266 x 10°? w m™® (cps). The analysis sup- 
ports the hypothesis ae long-term variations in the 
solar emission are associated with the integrated radi- 
ation effects originating in coronal condensations. 
The slowly varying component fluctuates from day t 
day as a function of the number and position of the 
radio sources. The average brightness temperatures - 
of these thermal emitters were found to be 1.17108, 

7.10x10* and 1.27x10® °K for 9.4, 3.15, and 0.43 
cm, respectively. On the other hand, solar radio burst 
radiation, observed on the same three wavelengths 
and analyzed on the basis of the source spectrum ang 
source brightness temperatures, was indicative of a 
nonthermal. mechanism. A complete report is being 
prepared for publication. d 4 

Moon. The most recent observational evades comm 
cerning the average structure of the lunar surface) 
was obtained from the lunar eclipse of March 13, 
1960. The interpretation so obtained has now been 
published by Gibson (see publications listing at end). / 
The unmeasurably small variation in brightness at 
8.6 mm during an eclipse was shown to be contrary 
to a homogeneous surface structure having physical — 
constants which would permit the observed bright-_ 
ness variation during a lunation. However, it was_ 
shown that a stratified surface can provide agree-_ 
ment. Additional insight on this subject may be ob- 
tained at wavelengths of a few millimeters during 
future eclipses, and plans were made by Grant to 
observe the August 26, 1961 eclipse (at 4.3 mm) but 
thunderstorms made observations impossible: 

The observational data on the moon’s brightness — 
at 21-cm wavelength during a lunation, have been 
considered at some length by Waak. The NRL re- 
sults show a small variation in brightness tempera- 
ture, but there is some uncertainty about its reality. 


‘The phase lag and magnitude of the ae varia- 
ba are not obviously unrealistic, but further experi- 
mental data are needed for confirmation of the data 
on hand. A review of this work was given by Waak 
‘at the recent Nantucket meeting of the A.A. ‘S 

__ Lunar Radar Range Measurements. The data re- 
‘duction of measurements of the radar range of the 
‘moon is being continued by Yaplee, Craig, and 
‘Shapiro. The preliminary results of several lunar 
“eycles of the 1959-1960 observations show the same 
mean difference between the radar-measured distance 
and the theoretical distance that was obtained from 
the 1957 observations through a lunar cycle. Using 
the mean radar distance in the dynamical equations, 
the mean equatorial radius of the earth has been cal- 
culated to be 6378 255+35 m. In addition to the 
constant range difference, a time-varying difference 
has been found again, and further analysis of this 
is planned. 

In the 1959-1960 observations the radar system 
sensitivity was increased by the use of a parametric 
amplifier. This increased sensitivity revealed a finer 
echo structure than was seen previously. As a result, 
' it was found that usually the peak echo was preceded 

by a smaller signal for several microseconds. This 
_ may be explained by the topography of the moon, 
if it is assumed that the small leading echo is re- 
_ flected from mountain peaks of the lunar surface, 
_ while the later larger signal reflects from the normal 
areas on the plains. Further study to relate the radar 
_ profile with the optical profile of the moon may 

clarify this result. At the present time, the data are 
_ being converted to a digital form in order to carry 
_ out further analysis. 


PUBLICATIONS 


The following papers were given at the 1960 URSI 
_ 13th General Assembly, London, the proceedings of 
~ which appear in Publication 880 of the National 
i “Academy of Sciences-National_ Research Council, 


» 1961: 


_ Brouwer, D., Bruton, R. H., Miller, A. C., and 
_ Yaplee, B. S. “Results of 10-cm lunar radar range 
study,” p. 521. 
Edelson, S. and Grant, C. R. “Observations of en- 
hanced solar radiation at centimeter and millimeter 
wavelengths,” p. 507. 
Edelson, S., McCullough, T. P., Santini, N. J., and 


Coates, mI, “Solar flare-burst associations,” p. 
507. 
Mayer, C. H., McCullough, T. P., and Sloanaker, 


R. M. “Observations of Venus at 3.4 and 10.2 
- om,” p. 527. 
Mayer, C. H., McCullough, T. P., and Sloanaker, 


R. M. “Radio source polarization measurements 
at 11 cm,” p. 457. 
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McClain, E. F., Nichols, J. H., and Waak, J. A 
“An investigation of possible variation in the cen- 
timeter wave emission from Jupiter,” p. 524. 

Sloanaker, R. M. and Boland, J. W. “Observations 
of Jupiter at a wavelength of 10 cm,” p. 524. 

Sloanaker, R. M. and Nichols, J. H. “Measure- 
ments of bright celestial sources at wavelength of 
10.2 cm,” p. 453. 

Wrigley, F., Craig, K. J., and Yaplee, B. S 
metric amplfiiers in radar astronomy.” 


Pata 


Given elsewhere were the following: 


Edelson, S. and Grant, C. R. “Solar radio burst 
measurements on 0.43, 3.15 and 94 cm wave- 
lengths” given orally at the August, 1960, A.A-S. 
meeting, Mexico City. 

Gibson, J. E. “Lunar surface characteristics indicated 
by the March, 1960, eclipse and other observa- 
tions,” Astrophys. J. 133, 1072, 1961. 

Mayer, C. H., McCullough, T. P., and Sloanaker, 
R. M. “Polarization measurements of radio 
sources,’ given at Joint U.S.A—U.S.S.R. Sym- 
posium on Radio Astronomy, Green Bank, West 
Virginia, May, 1961. 

Sloanaker, R. M. and Boland, J. W. “Observations 
oi Jupiter at a wave length of 10 cm,” Astrophys. 
J. 133, 649, 1961. 

Waak, J. A. “An investigation of possible variations 
in the brightness temperature of the moon at 21 
cm,” given at the June, 1961, A.A.S. meeting, 
Nantucket. 


Epwarp F. McCrary, 
Head, Radio Astronomy Branch 


Van Vleck Observatory, Wesleyan University, 
Middletown, Connecticut 


Personnel. Dr. Franklin R. Zabriskie joined the 
Observatory Staff on 1 July 1960 as Assistant Pro- 
fessor of Astronomy. Dr. H. K. Eichhorn continued 
as Associate Professor, Dr. C. E. Gasteyer as Re- 
search Associate, and Dr. A. N. Goyal as Research 
Assistant for one year. Mrs. Helen Dondero and 
Mrs. Patricia Carlson served as secretaries, assisted 
by Mrs. Lillian Shiman, part time. R. P. Schutz and 
E. M. Standish served as graduate assistants; C. C. 
Dahn, E. G. Hildner, F. F. Morrison, and P. G. 
Smith as undergraduate research participants, and 
W. H. Jefferys and F. J. Murphy as part-time under- 
graduate assistants. Mrs. P. G. Earle and Mrs. R. N. 
Rogers served as part-time assistants, and H. L. 
Williams as voluntary librarian. 

Research. Page continued statistical investigations 
of the motions of double galaxies (in collaboration 
with Neyman and Scott of the University of Cali- 
fornia at Berkeley), and is nearing completion of a 
fast nebular spectrograph to be used on the 60-inch 
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reflector of the Observatorio Astronomico, Univer- 
sidad Nacional de Cordoba, Argentina. Both of these 
projects are supported by grants from the National 
Science Foundation. His paper, “The motions and 
masses of the double galaxies” is in press and will 
appear shortly in the Proceedings of the Fourth 
Berkeley Symposium on Mathematical Statistics and 
Probability; an excerpt was published in Astrophys. 
J. 132, 910, 1960, and a summary in Science 132, 
1870, 1960. 

Eichhorn continued to use the 20-inch refractor, 
with student assistance, for the photographic deter- 
mination of stellar parallaxes, expanding the pro- 
gram to include dwarf M stars. He also initiated a 
program for the determination of proper motions of 
carbon stars. Two investigations were published: 
“Parallax, proper motion and mass ratio of 32398 
(ADS 11632)” Astron. J. 65, 148, 1960 (with H. L. 
Alden) and “Ueber die Reduktion von photo- 
graphischen Sternpositionen und Eigenbewegungen”’ 
Astron. Nach. 285, 233, 1960. He continued the 
determination of new plate constants for the Hy- 
derabad zone of the Astrographic Catalogue (with 
the aid of an NSF grant), the determination of the 
expansion of the association Cygnus VI, and the 
determination of accurate positions for about 400 
stars in the Pleiades from photographs taken with the 
McCormick refractor at the University of Virginia. 
He also started an investigation of the most eco- 
nomical and accurate way to obtain satellite positions 
from Baker-Nunn Schmidt cameras, supported by a 
grant from the U. S. Air Force, and assisted by 
Goyal and students. 

Zabriskie has begun a study of the light, color and 
spectra of long-period variable stars, and has started 
an observing program on Jovian radio noise, with stu- 
dent help, in cooperation with the Yale Observatory. 

Gasteyer is completing reduction of about 200 dou- 
ble star observations, and is preparing for publication 
an article on the Alpha Centauri system. 

The photoelectric photometer was used on the 
20-inch telescope for a study of magnetic variable 
stars under the supervision of Zabriskie. 

Equipment and Facilities. The 6-inch refractor has 
been modified and accessory equipment is being as- 
sembled. The photoelectric photometer has been re- 
modeled, and a comparison photometer is being de- 
signed for use on the 20-inch. 

A Becker-type iris photometer is to be delivered 
this summer from the Askania Works (West Ber- 
lin), and a microphotometer is on order from Jarrell- 
Ash Company. 

A high-dispersion spectrograph for use on the 
20-inch has been designed and is in the initial testing 
stage. The purpose of the instrument, among others, 
is to undertake a study of long-period variable stars. 

Heat, light, and electric power have been added 
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to the transit room allowing its use as an electronics | 
laboratory. Other Observatory improvements include |) 
a room for a spectrographic laboratory and moderna 
zation of the darkroom. } 
In cooperation with the Yale Observatory, Zabris-" } 
kie has installed a radio-telescope interferometer with | 
1400-foot base line for studies of radio noise from | 
the sun and Jupiter. | 
In the Computing Laboratory, partly supported | 
by NSF and directed by Eichhorn, the LGP-30 
computer is being replaced with an IBM 1620 with | 
punch-card input, and a Telecordex digitizer has | 
been added to the Mann measuring engine on loan | 
from the U. S.-Air Force. | 
THorNTON Pace, Director | 


Warner and Swasey Observatory, Case Institute 
of Technology, Cleveland, Ohio | 


As in previous years, the research underway at | 
the Warner and Swasey Observatory is focused on 
problems of galactic structure. The Schmidt-type tele- 
scope and associated objective prisms constitute the 
primary observational equipment for this work. The — 
current research activities may be summarized as — 
follows: ‘| 

Objective Prism Survey of High-Luminosity — 
Stars. This discovery program for OB stars and A ~ 
and F supergiants is being carried on with the col- 
laboration of the Hamburg Observatory, as reported 
last year (Astron. J. 65, 567, 1960). During the 
year under review the data for an area of 600 sq deg 
extending in longitude from J#=44° to /'=84° and 
between latitudes. b'=—10° and +10° have been 
completed and published. The resulting catalogue con- 
tains data for 1100 stars (Stock, Nassau, Stephenson). 

In the course of this survey some 60 new or pre- 
viously unclassified emission-line, carbon, S-type. 
long-period variable, and double stars were classified 
and the data published (Astrophys. J. 133, 920, — 
1961). Two new novae and an interesting star with 
very intense emission lines of Cat were also dis- 
covered. 

A similar study for the region extending from 
P1=14° to 1=45° is underway. This study embraces 
a strip 40° wide centered on the galactic equator. 
The observational data in the blue, uv, and Ha re- 
gions of the spectrum are being obtained with the 
Burrell-Schmidt telescope of this observatory. The 
search for and spectral classification of high-luminos- 
ity stars in this region is approximately 75% com- 
plete (Nassau, Stephenson). 

Classification of Composite Spectra. Spectral types 
have been estimated for both components of all pre- 
viously known, and many new, composite spectra in 
a region encompassed by 6“=0 to +10° and between 
declinations +10° and +40°. Because the uv is in- 
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i cluded in the spectral region used for classification, 
(| the reliability of separation of the two contributing 


1 sources is high (Stephenson, Nassau). 


The Distribution of A Stars in Selected Galactic 
| Regions. Faint A-type stars in several regions along 
\ the galactic equator are being classified with a view 
‘toward correlating the surface and space distribu- 
tions with the distributions of OB stars and other 
objects delineating the spiral arms. Some 1800 B and 
© A stars to m,g=12.5 in a region in Cygnus, area 
_ 25 sq deg, have thus far been classified for spectral 
_ type and luminosity (Nassau, Stephenson). 

_ M-Star Members of NGC 6838. It has been sug- 
gested recently that globular clusters which have 
been judged to be rich in metals on the basis of their 
_ integrated spectra should be searched for M-star 
_ members. Spectral class M, being defined by the 
_ molecular 710 bands, may be a more sensitive indi- 

cator of the abundance of elements heavier than 
hydrogen than would atomic metallic lines at low 
dispersion. NGC 6838 is such a metal-rich cluster. 
With objective prism spectra in the region A6000- 
6900 A, several M stars have been identified within 
the accepted radius of the cluster. Further study with 
larger telescopes will be necessary in order to decide 
definitely whether these are cluster members (Astron. 
J, 66, 85, 1961) (Stephenson). 

Dwarf M Stars in the Pleiades. Recent photo- 
metric work on the Pleiades (Astrophys. J. 128, 31, 
1958) indicates the possibility that some cluster 
‘members may be M sstars. Objective prism plates 
show that six stars, whose proper motions identify 
them as cluster members, are early type M. A num- 
_ ber of other stars, whose colors are characteristic 

of M stars, showed no M-type spectral character- 
istics. The colors and magnitudes of the six iden- 
tified M stars indicate that they belong to the main 
sequence. Their presence in such a relatively young 
cluster emphasizes a discrepancy, unless ad hoc as- 
sumptions are made, between upper main sequence 
turnoff ages and contraction times for M dwarfs. 
The results of this survey have been published 
(Astrophys. J. 133, 1085, 1961) (Pesch). 

Dwarf M Stars in the Hyades. An extensive ob- 
jective prism survey for dwarf M stars in the Hyades 
cluster is underway. Due to the smaller distance 
modulus of the Hyades as compared to the Pleiades, 
more complete results may be expected. Unpublished 
proper motion data by Giclas at the Lowell Observa- 
tory and by Pels at Leiden make possible a tentative 
selection of physical members of the cluster (Pesch). 

Dwarf M Stars Near the North Galactic Pole. A 
number of long-exposure objective prism plates of a 
region within 6° of the north galactic pole (Lund) 
are being searched for M stars. The exposures are 
60 minutes on hypersensitized Eastman 1N plates, 
and 40 minutes on Eastman 103aF plates. The limit- 
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ing infrared magnitude is about 13. According to 
Blanco and Williams (Astron. J. 63, 383, 1958) there 
is a high probability that most of the faint M stars 
detected in the survey will be dwarfs. 

A similar program in the south galactic polar cap 
is in progress at the Bosscha Observatory. The two 
programs are being carried out on a uniform basis 
(Sanduleak, Blanco). 

Infrared Survey of M Stars at the Galactic Center. 
The infrared magnitudes for some 7000 stars of type 
M5.5 and later have been measured in a region of 
22 sq deg in Sagittarius. Its center is /7=2°, bU= 
—6°5. Calibration of the magnitudes was made 
through a sequence in S.A. 158. The survey is rea- 
sonably complete to mj,=12. A space density analy- 
sis of the material indicates that from 2 to 5 kpe 
from the sun the number of late M stars per 10° 
cubic parsecs remains sensibly constant at 2 and 
then becomes approximately double this value at 
8 kpc. These results must be considered provisional. 
It appears, however, that the survey has penetrated 
the central galactic bulge in this region (Grossen- 
bacher, McCuskey). 

Spectral Changes in Red Variables. A continuing 
long-term study of spectral variations in the infrared 
of 21 S-type and 30 M-type variable stars is under- 
way. Of these seven are semiregular, five are long- 
period variables, and the rest are of Mira type 
(Nassau). 

New Association with Unusual Reddening. The 
Association located at R.A. 23°59"; Dec. +66°36' 
(1900) (Astrophys. J. 130, 482, 1959) has been 
searched for faint objects with Ha in emission. 
Three such stars, of visual magnitude 15, were found 
in the densest regions of obscuration in the associa- 
tion. A search for faint variable stars in this region 
is now in progress (Blanco). 

New OB Stars Near the Galactic Nebula M17. 
The nebula M17 has been found by Hobbs recently 
to show a distribution of radio power suggestive of 
a classical Stromgren spherical electron density dis- 
tribution having a localized source of ionizing radia- 
tion near its center. No exciting stars near the radio 
center are known. The region, however, is overlaid 
by heavy interstellar obscuration. 

The region of the nebula was searched for faint 
OB stars with the 24-36 inch Schmidt telescope and 
associated objective prisms. Suitable filters sup- 
pressed the nebular emission spectrum. A number of 
new OB stars were found. Two of these are fairly 
close to the radio center. They need not be asso- 
ciated with the ionization but may be background 
stars. In the latter event it is unlikely that any stars 
responsible for the nebular ionization remain to be 
found. An identification chart for these new OB 
stars to aid other observers is being published 
(Stephenson). 
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Search for Undiscovered White Dwarfs. The dis- 
covery of three white-dwarf stars (Publs. Astron. 
Soc. Pacific 72, 387, 1960) in a position and at a 
distance where probability based on known objects 
of this type would have indicated a lesser number 
suggests that previous estimates of the white-dwarf 
star population may be too low. Since previous dis- 
coveries have depended upon proper motion surveys, 
white dwarfs may have been missed if they have low 
space velocities. In order to search further for faint 
stars of this type, the uv objective prism is being 
used with the Schmidt telescope to cover a declina- 
tion zone passing through the local zenith. The 
atmospheric extinction will be minimized in this 
way (Stephenson). 

Space Distribution of Late Type Stars at the 
North Galactic Pole. In a region of 396 sq deg at 
the north galactic polar cap, the spectral and luminos- 
ity classifications for 4027 stars of classes G5 and 
later have been determined. Stars brighter than mp, 
=13 are included. Among the stars with m).<10 
and of classes G5 to M, 10% are dwarfs; for m,,=10 
to 12, 25% are dwarfs; and for mpg>12.5, 47% are 
dwarfs. 

The space density of late-type giants at <=150 pe 
is one-half that in the galactic plane. At z=1000 pe, 
these stars are only 5% as numerous per unit volume 
as in the plane z=0. 

An attempt to determine K;, the force per unit 
mass in the z direction, was made. The 2-velocity 
data and procedure described by Oort and by Hill 
(Bull. Astron. Inst. Neth. 494) together with the 
space velocities found in the present investigation 
were used. The resulting values of K, did not satisfy 
Poisson’s equation (Upgren). 

Luminosity Function in S.A, 158. Spectral types, 
luminosity classes, magnitudes, and colors for some 
2100 stars in a region of 35 sq deg centered on 
Selected Area 158 have been observed. An analysis 
for space density as a function of spectral type and 
a study of the luminosity function in this region near 
the galactic center are underway. Seven faint emis- 
sion objects, five of them previously unrecorded, 
were discovered in the survey (McCuskey). 

Ratio of Photographic Absorption to Color Excess. 
A high-speed computer has been used to calculate 
the value of the ratio R of visual absorption to color 
excess in the (B, VY) system. The most recent spec- 
tral intensity distributions and interstellar absorption 
law were used. For a BO star R= 3.2, for a GO V star 
R=3.3, and for a K5 III star R=3.6. A slight varia- 
tion of R is found depending on the total amount 
of the absorption (Blanco, Lennon). 

Increasing the Speed of Photographic Plates. Ex- 
periments are being conducted to test the relative 
merits of various procedures for increasing photo- 
graphic plate sensitivity. Hypersensitization with 
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chemicals such as ammonia and triethanolamine, pre-_ 
heating, pre-exposure flash treatment, and plate re- 
frigeration during exposure are various methods 
being tried. The emulsion of primary interest is 
Kodak 1N, which is used extensively for deep infra-_ 
red surveys. Results thus far indicate that the best 
increase in speed (a factor of 4.0) can be achieved 
by chemical hypersensitization of the 1N emulsion ~ 
with ammonia (Astron. J. 66, 53, 1961). The other 
methods mentioned are currently under study (Samm 
duleak). 

A Study of M17 at Wavelength 3.75 cm. With. 
the 85-ft radio telescope of the National Radio As-] 
tronomy Observatory, the distribution of intensity 
at a_wavelength 3.75 cm has been measured in the — 
region of the galactic nebula M17. The radio spec- 
trum of the nebula appears to be thermal. A classical 
Stromgren spherical electron density distribution” 
appears to fit the radio observations. No identifiable 
exciting stars, however, were located. The results of — 
the investigation have been submitted for publications 
(Hobbs). 

Staff Personnel. Dr. Peter Pesch, formerly of thel 
Yerkes Observatory, joined the staff in September, — 
1960, as a Post-doctoral Fellow. Effective July 1, 
1961, he was made Assistant Professor of Astron- 
omy. The faculty personnel in addition to Dr. Pesch — 
now consists of Professors Nassau, Blanco, Stephen-— 
son, and McCuskey. Mr. John Finnerty continues” 
as Associate Astronomer and Mrs. Betty Stephenson / | 
as Librarian. ; 

Nine graduate students in astronomy were in resi-_ 
dence during the year. Five of these were graduate 
assistants and took part in both the observing pro-— 
gram and the public night activities of the Observa- 
tory. Arthur Upgren completed the requirements for 
the Ph.D. degree and Nicholas Sanduleak those for 
the M.S, degree in astronomy. 


Publications July 1, 1960-June 30, 1961 


Blanco, V. M. 1961, “They call their telescope “Bima - 
Sakti’,’ The Unesco Courier 2, 32, 

Nassau, J. J. and Stephenson, C. B. 1960, “Classi 
fication of spectra from objective-prism plates 
which include the ultraviolet region,” Astrophys. 
JEAZ2 S130; 

——. 1961, “Spectral classification for new or un- 
classified emission-line, carbon, S, long-period 
variable, and double stars,” Astrophys. J. 133, 920. 

Pesch, P. 1961, “Dwarf M stars in the Pleiades,” 
Astrophys. J. 133, 1085. 

Stephenson, C. B. 1960, “A spectroscopic search for 
white dwarfs in the Ursa Major cluster,” Publs. 
Astron. Soc. Pacific 72, 387. 

. 1960, “The spectrum of the star S.A. 58-237,” 

Publs. Astron. Soc. Pacific 72, 318. 


1961, “Possible M-star members of NGC 

6838,” Astron. J. 66, 85. 

|Stephenson, C. B. and Hobbs, R. W. 1961, “A list 

|| of new OB stars near the galactic nebula M17,” 

| Astron. J. 66, 186. 

Stock, J., Nassau, J. J., and Stephenson, C. B. 1960, 

“Luminous stars in the northern Milky Way II,” 

Hamburger Sternwarte, Warner and Swasey Ob- 

| servatory (Hamburg-Bergedorf). 

‘The, Pik-Sin. 1960, “On the cluster membership of 
objects in NGC 6530 above the main sequence,” 
Astrophys. J. 132, 40. 

‘Upgren, A. R., Jr. 1960, “A list of relatively cool 

| stars in the vicinity of the north galactic pole,” 
Astron. J. 65, 644. 


S. W. McCuskey, Director 


Yerkes Observatory, University of Chicago, Wil- 
liams Bay, Wisconsin, and McDonald Observa- 
tory, University of Texas, Fort Davis, Texas. 
Joint Department of Astronomy of the University 
of Chicago and the University of Texas 


_ Personnel: University of Texas and McDonald 
Observatory. Dr. Gerard de Vaucouleurs accepted 
an appointment as Associate Professor of Astronomy 
from October 1, 1960. Dr. Vera Cooper-Rubin 
(Georgetown University Observatory) was ap- 
pointed a Research Associate in the Department 
of Astronomy. 

Research Scientists on projects sponsored by the 
National Science Foundation and the Office of Naval 
Research include Richard I. Mitchell, Braulio Iriarte, 
Dr. S. N. Svolopoulos, Mrs. Antoinette de Vaucou- 
leurs, and Miss Judy Page. Johnnie E. Floyd was 
employed as a Research Engineer to assist with 
instrumentation within the department. NEDA Fel- 
lowships were awarded to Freddie D. Talbert and 
Peter R. Jordahl. A University Fellowship was held 
by Philip R. Atterberry. Research Assistantships 
were held by Carl-Heinz Michelis, Donald Haragan, 
Ghulam Malik, and Harold D. Ables. William B. 
Hubbard, Jr., held a summer Research Assistantship 
at McDonald Observatory. Dr. Alan W. Peterson, 
of Convair, Fort Worth, was a visiting Research 
Associate during the Spring Semester. 

The following Visiting Professors in Astronomy 
lectured on the subjects indicated: Dr. S. Chandra- 
sekhar (Yerkes Observatory )—‘“Plasma physics.” 
Dr. Raymond A. Lyttleton (St. John’s College, Cam- 
bridge )—“The escape of comets from the solar sys- 
tem” and “Theories of the origin of the solar sys- 
tem.” Dr. Vera Cooper-Rubin (Georgetown Uni- 
versity Observatory)—‘“Dutch summer school on 
galactic studies.” Dr. Frank J. Kerr (Radio Physics 
Division, C.S.I.R.O.)—“Recent developments in 21 
em radio astronomy.” Dr. Donald H. Menzel (Har- 
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vard College Observatory)—‘Solar physics.” Dr. 
Henry J. Horak (University of Kansas)—‘Prin- 
ciples of invariance.” Colloquia included talks by 
the following visiting astronomers: Dr. R. Grant 
Athay (High Altitude Observatory) ; Dr. Frank J. 
Kerr; Dr. William G. Tifft (Dyer Observatory) ; 
Dr. Henry G. Horak; and Dr. Allan W. Peterson. 

Personnel: University of Chicago and Yerkes Ob- 
servatory. Gerard P. Kuiper resigned his Professor- 
ship on October 31, 1960, to accept a Professorship 
at the University of Arizona; he continued as Re- 
search Associate in the University of Chicago until 
June 30, 1961. Chamberlain was awarded a grant 
from the Sloan Foundation. Professor Zipora Alter- 
man of the Weizmann Institute at Rehovot, Israel, 
spent the year working with Chandrasekhar as a 
Post-Doctoral Fellow. Dr. Douglas W. Allan, Uni- 
versity of British Columbia, arrived at the Yerkes 
Observatory in June, 1961, for a period of three 
months’ work in association with Chandrasekhar. 
Dr. K. Bahner returned to Heidelberg, Germany, 
after completing his appointment as Research Asso- 
ciate on September 30, 1960. Dr. P. J. Treanor of 
Oxford University held a Research Associateship 
during the academic year. Dr. Paul Couteau of the 
Nice Observatory began a period as Research Asso- 
ciate in June 1961. Dr. Couteau is collaborating with 
Van Biesbroeck on a survey for the discovery of 
new double stars with the 40-inch Yerkes refractor 
and the 36-inch McDonald reflector. Financial sup- 
port for the above was as follows: Professor Alter- 
man and Dr. Allan, U. S. Air Force Cambridge 
Research Laboratories, Air Force Research Division 
(Chandrasekhar) ; Dr. Treanor, U. S. Air Force 
Systems Command, Electronic Systems Division 
(Hiltner) ; Dr. Couteau, National Science Founda- 
tion (Van Biesbroeck). Research Associateships 
were also held for parts of the year by the following: 
Drs. J. Hazelhurst, P. Pesch, L. Randic, P. Roberts, 
B. Robinson, and L. Woltjer. 

Research Assistants at Yerkes included: S. M. 
Alladin, J. C. Brandt, A. M. Heiser, C. S. Huzzen, 
F. J. Josties, J. Kristian, E. P. Moore, J. P. Os- 
triker, L. Rossner, C. E. Sagan, Y. Sobouti, E. J. 
Wampler, J. P. Wright, and P. O. Vandervoort. 
The Ph.D. degree was awarded to John C. Brandt. 

Visitors who gave colloquia during the year in- 
cluded, among others: Dr. R. Minkowski, Dr. Peter 
Noerdlinger, Dr. Harold L. Johnson, Dr. A. D. 
Code, and Dr. Adriaan Blaauw. 

Facilities and Equipment. Johnson was engaged 
on the construction of a completely automatic pho- 
tometer that records on punched paper tape all of 
the data necessary for the reduction of observations. 
This photometer includes such items as a digital 
clock which makes it unnecessary for the observer 
to make any records at all. 
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De Vaucouleurs inaugurated a further step in his 
automatization program with P. Griboval, research 
engineer at the University of Grenoble, France; the 
latter visited Austin in January-March 1961, and 
brought to successiul operational status the experi- 
mental model of a new type of isophotometer of his 
design. This instrument is of the ac, balanced-beams 
types, and can operate either as an isophote follower 
or as a scanner; it has high sensitivity, stability, and 
_ versatility. A Mark II version of the Griboval iso- 
photometer is now being built in Austin by the 
W. L. Richards Company. A Departmental photo- 
graphic darkroom was constructed and placed in 
operation, under de Vaucouleur’s supervision, at 
Austin. 

Hiltner, assisted by Miller, successfully completed 
the construction of a new aluminizing chamber for 
the 82-inch reflector. The McDonald 82-inch and 
36-inch mirrors were realuminized in the new cham- 
ber by Hiltmer im April 1961. Most encouraging 
progress was obtained by Hiltner on the application 
of image converters for electronography. In coopera- 
tion with the Rauland Corporation of Chicago, an 
image tube with remarkably low background was 
produced—so low that exposures of many hours are 
possible without excessive background. This pro- 
gram, which is sponsored primarily by the Air Force, 
has been developed further by a grant from the 
National Science Foundation for a nitrogen liquifier 
and other capital equipment. Hiltner was engaged on 
the design of a rotatable telescope for the elimination 
of instrumental errors in polarization. 

Miller and Prendergast designed and constructed 
a special photometer for observations of galaxies; 
the photometer works in conjunction with an auto- 
matic printer which was built at Yerkes for this and 
similar applications. Miller designed and supervised 
the construction of a light baffle for the McDonald 
82-inch; the baffle makes possible an- unvignetted 
field of optimum size with no direct sky exposure. 

A new Bausch and Lomb replica grating was 
installed in the B-spectrograph of the Yerkes Ob- 
servatory by the Burbidges ; preliminary observations 
with the McDonald 82-inch indicate a great gain in 
speed in the blue region. ; 

Theoretical Astronomy. Chandrasekhar embarked 
on an investigation of the basic concepts of general 
relativity; his approach was from the point of view 
that what is required is more an exploration of what 
is possible in general relativity, rather than what can 
be explained in its terms. Thus, Gédel’s solution of 
Einstein’s equations allows rotation; but it will not 
exhibit the phenomenon of expansion. Nevertheless, 
a study of Gddel’s universe will deepen our under- 
standing of relativity, since unlike the other rela- 


tivistic models of cosmology it does not permit the 


introduction of a cosmical time. Chrandrasekhar and 
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J. P. Wright examined the properties of 
universe; they found that the geodesics in this 
verse can be explicitly integrated and. that “circular 
orbits cannot have radii exceeding that of the nu 
geodesic, a fact which appears to preclude certai; 
conclusions regarding the nature of time which hay 
been drawn. ‘ 

Among unfinished problems, Chandrasekhar com 
pleted those concerning the stability of Couette flo 
in case the two cylinders are rotating in opposit 
directions, and of the flow in a curved channel, botk 
in the presence of an axial magnetic field. A thire 
problem which hasbeen studied relates to the effec 
of an axial-flow on the stability of a pure rotationa’ 
hydrodynamic flow. A perturbation theory valid ir 
the limit of low Reynolds numbers of the axial flow 
has been worked out; and some recent experimental 
work of H. Snyder carried out at the Institute of 
Metals was found to be in excellent agreement with 
this theory. rr 

Chandrasekhar was also concerned with the de- 

velopment of a tensor virial equation to study equi- 
librium configurations with motions and magnetic! 
fields. The approach to the study of rotating gaseous 
and liquid masses via the virial equation appears to’ 
be a particularly fruitful one. For example, a simple 
generalization of Emden’s well-known formula for 
the gravitational potential energy of a polytrope can 
be found. But by far the most important advance in 
this direction is that which has been made by Norman 
Lebovitz, working with Chandrasekhar ; he has com- 
pletely clarified the stability of the Maclaurin sphe- 
roids (their neutral stability at the point where the 
Jacobi ellipsoids branch off and their instability at 
a somewhat higher eccentricity). Lebovitz was also 
able to evaluate explicitly all the fundamental modes 
of oscillation of the spheroids, a problem which was 
initiated by Riemann in the past century and which 
has remained unsolved up to the present. 

Professor Zipora Alterman spent the year working 
with Chandrasekhar. She has studied the Kelvin- 
Helmholtz instability of a cylindrical jet of liquid 
streaming into another; and she has also examined 
the effects of rotation and of magnetic field. 

J. P. Wright has completed under Chandrasekhar’s 
direction his investigations on the effect of neutral 
particles on the transport properties of an ionized 
gas in a magnetic field. 

Chamberlain has completed a new theory of au- 
roral bombardment. The theory is developed from the 
standpoint of particles trapped in the earth’s mag- 
netic field and appears to provide a mechanism for 
discharging these particles into the atmosphere dur- 
ing times of magnetic disturbances. 

Limber completed an investigation entitled “The 
analysis of spherically symmetric distributions of 
matter.” In this investigation, methods have been 


» leveloped for analyzing the spatial distributions and 
gravitational properties of matter that are spherically 
|) symmetric to at least a first approximation. It has 
_ been shown how this can be done conveniently by 
._ resolving the actual spatial distribution into a super- 
. position of polytropic distributions. In particular, a 
method has been derived—and the necessary tables 
have been given—for obtaining these polytropic com- 
ponents directly from strip-counts (or strip-masses) 
_ of the distribution projected on the plane of the sky. 
_ Further, a simple and direct method, together with 
/ the necessary tables, has been presented for obtain- 
_ ing the gravitational potential function for such dis- 
_ tributions in terms of their polytropic components. 
i In addition, it has been shown how the results con- 
tained in a previous paper dealing with a method 
for applying the virial theorem in its usual form 
and in an extended form have a natural place among 
the types of analysis presented here. 
Two investigations dealing with the dynamics of 
the Pleiades cluster have been completed by Limber. 
In the first of these, an attempt has been made by 
means of the virial theorem to determine more accu- 
rately than theretofore the total mass and spatial 
distribution of the stellar component of the Pleiades 
cluster. Because of the present uncertainty concern- 
ing the total mass of the intracluster neutral hydro- 
gen, the analysis has been carried through for two 
' cases. In case i, Drake’s observational data for the 
total mass and distribution of this neutral hydrogen 
have been accepted, while in case ii it has been as- 
_ sumed that there is no appreciable mass of intra- 
cluster gas in the Pleiades. The estimates derived 
| for the total stellar mass in cases i and ii are 760 Mo 
and 900 Mo, respectively. Both values are con- 
sistent with the assumption that the form of the 
mass-spectrum for the less massive stars in the 
cluster is that for the solar neighborhood. The pres- 
ent evolutionary state of the cluster has been exam- 
ined with the help of these results. Mass-to-light 
ratios for the cluster have been determined, and the 
observed luminosity function has been analyzed. It 
has been shown that the latter can be understood in 
terms of the above results concerning the mass- 
spectrum if the effects of gravitational contraction 
are taken into account for an assumed age of the 
cluster of roughly 5X10*° years. This value is in 
excellent agreement with the best present estimate 
for the age of the cluster as determined from the 
evolution of its brighter stars, 6X10" years. In the 
second study of the dynamics of the Pleiades cluster, 
the results obtained in the investigation just de- 
scribed for the masses and spatial distributions of 
the stellar and gaseous components in the Pleiades 
have been used in an attempt to analyze certain 
aspects of the past dynamical history of the stars 
in the cluster. In particular, an effort has been made 
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to determine whether the present preferential con- 
centration of the more massive stars toward the 
center of the cluster is to be explained in terms of 
their having been preferentially formed near the 
center or in terms of the dynamical relaxation of 
the cluster since its formation. The results of an 
analysis of the relaxation of the cluster have been 
found to support the view that the presently ob- 
served preferential concentration of the more massive 
stars toward the center is at least largely the result 
of the relaxation of a system in which there has 
little preferential concentration of this kind when the 
stars were formed about 6X10* years ago. Certain 
implications of this conclusion have also been 
considered. 

Limber and Saleh M. Alladin have been working 
on the construction of tables that will facilitate the 
determination of the gravitational potential energy 
of interaction of two interpenetrating, spherically 
symmetric, distributions of matter. 

Jeremiah P. Ostriker is completing, under Lim- 
ber’s supervision, a study of the radiation field and 
physical structure of a finite, plane-parallel, grey 
atmosphere in local thermodynamic equilibrium, 
which is illuminated only by a planar black radiator 
at one extreme. Strict radiative equilibrium is as- 
sumed, and the model atmosphere is derived and 
tested for stability against convection. Particular con- 
sideration is given to the relevance and application 
of this model to portions of the atmosphere of Venus. 

The Burbidges carried out further work on the 
line-blanketing problem with A. R. Sandage and 
R. L. Wildey. The Burbidges presented a report on 
the present status of the nucleosynthesis theory at 
the La Plata Conference on Stellar Evolution in 
November, 1960. 

Aurora and Airglow. Chamberlain’s book Physics 
of the Aurora and Airglow was published by Aca- 
demic Press. 

Wallace’s observational and theoretical program on 
the OH bands in the night airglow is nearing com- 
pletion. He has investigated the yearly variation of 
the rotational temperature at this latitude and has 
redetermined the OH vibration-rotation transition 
probabilities. He is in the process of working through 
the photochemistry of the OH emission layer for the 
purpose of ascertaining what seasonal and daily 
variations would result from the generally accepted 
excitation process. 

Wallace constructed a lightweight spectrograph 
that was flown on a balloon on November 1, 1960, 
from Vernalis, California, in an attempt to observe 
the daytime airglow. The equipment reached an alti- 
tude of 38 km and was recovered undamaged. The 
photographic plates showed that the experiment had 
operated as anticipated. The spectrum, covering a 
range of 3800 to 8900 A, did not reveal any airglow 
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emission lines, even though the spectrum was ex- 
posed down to the level of the scattered Fraunhofer 
spectrum. This information gives upper limits on the 
intensities of the airglow emissions which, in several 
cases, are very close to the theoretical estimates. 
Wallace is currently in the process of designing fur- 
ther experiments for the detection of the daytime 
airglow from balloons. The upper atmosphere work 
continued to be supported under an Air Force 
contract. 

Solar System. Chamberlain and Wallace, in col- 
laboration with Dr. Charles Barth at the Jet Propul- 
sion Laboratory of the California Institute of Tech- 
nology, have proposed an experiment for observing 
the ultraviolet spectrum of Venus from a deep space 
probe to be flown late in 1962. The vehicle will carry 
a spectrometer that will scan the spectrum from 
about 1100 to 4200 A and scan across the planet, 
thereby providing center-to-limb variations that will 
be necessary for proper interpretation of the results. 
In conjunction with the anticipated results from this 
experiment, 
undertaken to investigate the manner in which such 
spectra can be interpreted in terms of the chemical 
composition and possibly the temperature of certain 
layers in the Venus atmosphere. The solar system 
work is supported under a grant from the National 
Aeronautics and Space Administration. 

Edmonds completed a statistical photometric analy- 
sis of granulation across the solar disk using several 
of the best stratoscope photographs obtained in 1957. 
Some of the principal results obtained are as follows: 
(a) The variation of rms of granulation brightness 
fluctuations across the solar disk has been deter- 
mined. It remains essentially constant out to 0=25°, 
then increases out to 6=50°, and finally falls off 
rapidly towards the limb. The»results obtained near 
the limb (6>70°) are uncertain, and there is some 
indication of a possible reversal of the sharp decrease 
in rms. (b) The shape of the one-dimensional power 
spectra for granulation brightness variations does not 
change appreciably over the disk. (c) Instrumental 
corrections were made, and at around 06=75° they 
become so large as to prevent the obtaining of mean- 
ingful results. 

Edmonds continued work on the study of inhomo- 
geneities in the solar granulation pattern. The statis- 
Real analysis has indicated the existence of such 
inhomogeneities, and all of the 1957 stratoscope pho- 
tographs are being examined for features which can 
be recognized by visual inspection. A correlation 
analysis between granulation brightness variations in 
the continuum and the Doppler shifts and intensifica- 
tion of Fraunhofer lines is nearly complete, using 
measurements of a high quality and unusually suit- 
able spectrogram obtained with the 50’ vacuum spec- 
trograph at the McMath-Hulbert Observatory. The 
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a radiative-transfer program is being © 


analysis will employ a coherence technique used ii) 
geophysical investigations, which should yield thj 
correlation and relative phase of the different Fourie}, 
components for the three sets of data. 
Kuiper continued visual and photographic obser| 
vations at the McDonald Observatory. 
A program of planetary system research was in| 
itiated by the Texas Department in 1961 with sup} 
port from the Applied Research Division of Convair 
Fort Worth. Work in progress includes some phaseg) 
of a.long-term project for the accurate mapping 04 
Mars, initiated by de Vaucouleurs at Harvard Ob4 
servatory in 1958-59 and currently continued at 
Harvard and in Texas with support from a variety) 
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sociated as coinvestigator with D. H. Menzel in the} 
Harvard-NASA project of multicolor photoelectric} 
photometry of the planets for which two Johnson- 
type single-beam, two-cell photometers (range 0.3 to} 
1.0) were built in Austin by the W. L. Richaul 
Company. \ 

Van Biesbroeck has kept 13 different comets under} 
observation. One hundred and thirteen positions were} 
obtained by him on these mostly faint objects. The} 
only exception was periodic comet Encke, which’ 
reached 7th mag. when last recorded at low altitude. | 
The reductions are kept up to date with the measures. 
Several unpublished measures have been communi-’ 
cated on request to computers for the improvement 
of ephemerides. A previous series of measures has 
been published in Astron. J. 66, 96, 1961. The de- 
finitive orbit of comet 1948 I Bester has been com- 
pleted by Van Biesbroeck. The eccentricity came out 
with a small but well-established hyperbolic excess 
of 0.0003071+0.0000064 but backward computation 
of the perturbations showed that the original orbit 
was definitely elliptic with e=0.99935. The manu- 
script. of this paper is in print in the Astronomieas 
Journal, 

Treanor obtained a series of polarization meas-_ 
ures with interference filters at eight wavelengths 
from 4000 to 9000 A for the planet Mars with the 
McDonald 36-inch reflector, on May 8-10, 1961. 
These measures, which extend the phase-angle coy- 
erage of the planet, show a spectacular increase 
from 07017 at 6500 A to 07110 at 4000 A. To the 
red of 6500 A, the polarization increases slightly 
to 07023 at 9000 A. No significant changes occur 
in the position angles. ; 

Stellar Astronomy. Johnson, together with Svo- 
lopoulos and Mitchell, obtained approximately 3000 
three- and four-color photoelectric observations of 
classical Cepheids and stars in galactic and globular 
clusters. Johnson’s infrared photometry project has 
reached the point where routine observations are 
getting under way; observations are being made in 
nine wavelength bands as follows: 
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}| Observations on more than 50 stars are already 
) available in J and L. From some of these data, it 
‘may be inferred that the ratio of total-to-selective 
® absorption is probably about. 3.2. 

*Hiltner, Kraft, Pesch, and Wampler completed a 


" reinvestigation of the cluster M25 and the Cepheid 
" U Sgr. Kraft and Hiltner investigated the intrinsic 
‘ colors of supergiants and the distribution of the 
\ latter on the H-R diagram. Bahner, Hiltner, and 
“ Kraft obtained colors and magnitudes for 45 Ceph- 


eids brighter than photographic magnitude 12.7 in 
the northern Milky Way; they found that a spiral 
arm is outlined by the type I Cepheids brighter 
than M,=—4.5. 


Morgan continued development of more precise 


‘methods for stellar classification, and spectroscopic 


and photometric parallaxes. 
Wampler completed an investigation of the depend- 


| ence of interstellar reddening on galactic longitude, 


with the following results: the reddening path for 


| the O5-O8 stars of the Hiltner-Johnson catalogue 
' either varies with galactic longitude—or systematic 


errors of the order of 0.1 mag. exist in the colors 


| of these stars; a rediscussion of the Hiltner and 


Johnson catalogue reveals no clear evidence for 
curvature of the reddening lines of early O stars in 
me (U—B, B—V) plot. 

During the year, 1030 measures of close pairs 
were obtained by Van Biesbroeck, partly with the 
40-inch refractor and partly with the 36-inch Mc- 
Donald reflector. The discussion of the measures 
obtained during the years 1952 to 1959 has been 
published as Vol. IX, Part II (1960), of the Yerkes 
Observatory Publications. The shorter series by Van 
den Bos appeared as Part I of the same volume. The 
first tests of the just-completed double-star inter- 
ferometer indicate that some modifications are yet 
required before the instrument can be considered to 
be in normal operating condition. 

Galaxies. De Vaucouleurs and his collaborators 


continued their program of photographic photometry 


of bright southern galaxies initiated in 1959 at Har- 
vard Observatory with support from the National 
Science Foundation. The Excellence Fund of the 


_ University of Texas provided additional support in 


1960-61. The luminosity profiles, isophotes, and pho- 
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tometric parameters of about 50 galaxies were de- 
rived by Miss J. Page, A. Ables, H. Castro, and 
several other student assistants, from photographs 
taken between 1952 and 1956 with the 30-inch and 
72-inch reflectors of Mount Stromlo Observatory. 
The reduction of microdensitometer readings to light 
intensities is now performed automatically by means 
of a computer program prepared by R. Mitchell for 
the new CD 1604 machine of the University Com- 
puting Center. 

The first paper of a series on southern galaxies, 
giving isophotes and a preliminary mass estimate 
(from Mount Stromlo spectra) of the magellanic 
system NGC 55 was published in Astrophys. J. 133, 
405, 1961; a second report on NGC 300, 1313, 4945, 
and 6744 will appear shortly ; others are in prepara- 
tion. Mrs. V. C. Rubin, research associate, visited 
Austin in December, 1960; to coordinate her pro- 
gram of galaxy photometry at Georgetown Univer- 
sity Observatory with the work done in Texas. 
Densitometer data for a dozen galaxies measured 
in Austin were supplied by de Vaucouleurs to Mrs. 
Rubin for reduction and analysis. 

A new series of 36 standardized galaxy photo- 
graphs were secured by de Vaucouleurs between 
November, 1960, and February, 1961, at the Casse- 
grain focus of the 82-inch reflector, in part with the 
assistance of Dr. A. Peterson, of Convair, Fort 
Worth. A new series of photoelectric observations 
of magnitudes and colors of bright galaxies in the 
U,B,V system was started by de Vaucouleurs in 
December, 1960, with Johnson’s photometer attached 
to the 36-inch reflector at McDonald Observatory. 
The poor winter and spring weather in the south- 
west interfered with this program; about 60 galaxies 
were observed between December 1960, and Feb- 
ruary 1961. The reduction of the UBV observations 
was carried out in Austin by Mr. H. Castro using a 
computer program prepared by Mitchell. Additional 
observations of a dozen galaxies were secured in 
June 1961, with the Cassegrain photometer of the 
36-inch reflector at Kitt Peak National Observatory. 
A detailed discussion of the integrated colors of all 
bright galaxies previously observed in the U,B,V 
system was published in Astrophys. J. Suppl. No. 
48 in January 1961. 

De Vaucouleurs has continued his studies of sub- 
clustering within the local supercluster of galaxies. 
The structure of the Virgo cluster was analyzed in 
Astrophys. J. Suppl. No. 56, June 1961; there is 
evidence that the cluster consists of at least two 
separate clusters or clouds, one including only E 
and SO galaxies with a mean velocity of +950 
km/sec; the other has only S and I galaxies with 
a mean velocity of +1450 km/sec. Neither cloud 
seems to be in stable statistical equilibrium. 
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De Vaucouleurs and Mrs. de Vaucouleurs have 
continued with National Science Foundation support 
their revision and extension of the Shapley-Ames 
catalogue in preparation for a Reference Catalogue 
of Bright Galaxies to be published by Harvard Ob- 
servatory. The reduction of all diameter data to a 
homogenous system was completed-in collaboration 
with A. T. Young who programmed the computa- 
tions for IBM 704 and 7090 machines at Harvard 
Obervatory. The reduction of the magnitude and 
color data to the U,B,V system is in progress. The 
bibliography has been brought up to date; radio 
magnitude data have been collected. The manuscript 
of the catalogue is now expected to be ready for pub- 
lication in 1962. In connection with the Reference 
Catalogue, de Vaucouleurs has completed the revised 
classification of over 1500 bright galaxies on the 
system of the Handbuch der Physik, Vol. 53, 1959, 
and made detailed comparisons with other classifica- 
tion systems; a report on classification will be pre- 
sented at the International Astronomical Union, 
Santa Barbara Symposium on galaxies in ere 
1961. 

De Vaucouleurs and Mrs. de Vaucouleurs have 
started with support from the Office of Naval Re- 
search a program of spectroscopic observations of 
bright galaxies as yet unobserved for redshifts. 
Because all the brighter galaxies have already been 
observed at Lick or Mt. Wilson, exposure times 
are long for the remaining faint objects and progress 
will be slow. The initial spectra were taken in 
November, 1960, with the prime focus spectrograph 
of the 82-inch reflector; a special series of all-night 
exposures for the detailed rotational study of the 
magellanic system NGC 4631 was taken in April 
1961, with the assistance of Dr. A. Peterson. Addi- 
tional observations were attempted in May 1961, with 
the Cassegrain spectrograph of the 36-inch reflector 
at Kitt Peak. Through the generosity of Di. N. U. 
Mayall, a fine series of 100 new galaxy spectra taken 
by him with the Crossley nebular spectrograph at 
Lick Observatory between 1956 and 1960 were meas- 
ured for redshift during a visit to Tucson in June 
1961. Reduction is in progress. 

E. M. and G. R. Burbidge continued extragalactic 
observations at the prime focus of the McDonald 
82-inch; both spectroscopic and direct observations 
were made on normal spirals, barred spirals, pecu- 
liar spirals, and irregular galaxies. Also, studies of 
small groups of galaxies were continued and ex- 
tended. A considerable amount of material on mo- 
tions and rotations was obtained, and the Burbidges, 
together with Prendergast, analyzed the results. 
Masses and M/L ratios were derived in some cases. 
Papers published, or in the course of publication 
since July 1, 1960, include: 
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(i) “Motions in barred spiral galaxies. I. The! 
nuclei of NGC~ 1097 and NGC 1365,” 
Astrophys. J. 132, 30, 1960 (E.M.B. and) 
G.R.B.) } 
“Motions in barred spiral galaxies. I]. T i 
rotation of NGC 7479,” Astrophys. J. 132, 
654, 1960. (E.M.B., G.R.B., and K-H.P.) §} 
“Motions in barred spiral pales Ill. The} 
rotation and approximate mass of NGC 3504,”| 
Astrophys. J. 132, 661, 1960. (E.M.Be 
G.R.B., and K.H.P.) d 
rte rotor: mass distribution and mass of 
NGC 2903,” Astrophys. J. 132, 640, 1960. 
(E.M.Bs GRB., and K.H.P.) 

“NGC 4676, a pein system in the Com 
cluster of galaxies,” Astrophys. J. 133, 72 
1961. (E.M.B. and G.R.B.) 
“The rotation and mass of NGC 5005,” 
Astrophys. J. 133, 814, 1961. (E.M. Be | 
G.R-B ant HE: ) 

“Motions in NGC 3646,” Astrophys. J. 134, 
237, 1961. (E.M.B., G.R.B., and K-H.P.) @ 
“The rotation and approstae mass of NGC 
3623,” Astrophys. J. 134, 232, 1961. (E.M.B, 
G.R.B, and KCEVPs) 

(ix) “The stability of the quintet of galaxies V-V 
116,” Astrophys. J. 134, 248, 1961. (EMB. 
and G-R.B.) 

“A further investigation of Stefan’s quintet,” 
Astrophys. J. 134, 244, 1961. (E.M.B. and 
G.R.B.) 

“A group of galaxies centered on NGC 383,” 
Publs. Astron. Soc. Pacific, in press. (E.M.B. 
and G.R.B.) . 


(ii) 


(iii) 


(iv) 
(y) 
(vi) 


(vii) 
(viii) 


(x) 


(xi) 


A program of optical investigation of some radio 
sources whose positions have been given by the Cali- 
fornia Institute of Technology group, the Cambridge 
group, and by Mills in Australia was started by the 
Burbidges. 

Robert A. Fish has analyzed, under the super- 
vision of the Burbidges, calibrated plates of the Sb 
spiral NGC 5005 and has carried out a detailed 
study of the M/L ratio as a function of position in 
the galaxy. His results formed part of his thesis for 
the Ph.D. degree in Chemistry, and a paper has 
been accepted for publication in the Astrophysical 
Journal. 

The program of investigation of the velocity dis- 
persion in the centers of elliptical galaxies from 
spectra obtained with the Cassegrain spectrograph at 
McDonald has been continued by the Burbidges, in 
collaboration with Robert Fish. The method enables 
estimates of the masses of elliptical galaxies to be 
obtained, if the light distribution is known. The 
results for two galaxies have been published, or 
are in the course of publication. 


(xii) “Masses of elliptical galaxies. I. A redeter- 

mination of the mass of M32,” Astrophys. J. 

tees 70,1901. (2. M.B.G.R.B., and R.A.F.) 

(See also correction in Astrophys. J. 133, 

1092, 1961.) 

xiii) “Masses of elliptical galaxies. II. The mass 
of NGC 3379.” Astrophys. J. 134, 251, 1961. 
(2 M.B., G.R.B., and R.A.F.) 


Miller and Prendergast collaborated on the investi- 
rating of statistical equilibrium of simple galaxies. 
Their approach was both theoretical and observa- 
ional; Prendergast developed a theoretical model of 
in elliptical galaxy; for comparison, Miller and 
Prendergast constructed photometric maps of two 
lliptical galaxies (NGC 3379, EO; and NGC 4697, 
£5), from which an attempt is being made to deter- 
‘mine the three-dimensional mass distribution and 
from that, the gravitational potential in three dimen- 
sions. The preliminary reductions (extinction, nor- 
alization, etc.) on both systems are complete, and 
the problem of solving for the three-dimensional dis- 
tribution is about ready to put on a computer. 

Morgan devised a classification of clusters of 
galaxies during a period as Guest Investigator at 
the Mt. Wilson and Palomar Observatories. This 
work was developed in a program supported by the 
Office of Naval Research ; it consisted in photograph- 
ing clusters of galaxies with the Yerkes 40-inch re- 
fractor combined with a Meinel reducing camera 
‘constructed under the direction of Hiltner. Robert F. 
Garrison obtained the photographs with the Yerkes 
40-inch. The results of the reclassification of the 
visually brightest galaxies in rich clusters of Abell’s 
mearest distance groups are as follows: (1) the 
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brightest members of the clusters are of the cen- 
trally condensed type; (2) clusters of galaxies can 
be divided into two categories according to the 
brightest members—those of the Coma type, and 
those of the Virgo type; in the latter, appreciable 
numbers of spirals are found 1 to 2 mag. fainter than 
the brightest members; in the former, sensibly all of 
the brighter component galaxies have outstandingly 
bright nuclear regions. This revised classification, 
which can be interpreted in terms of the stellar popu- 
lations of the component galaxies, leads to the further 
conclusion that the physical conditions in rich clusters 
of galaxies were systematically different at some 
remote time in the past from what we observe at 
the present time. ; 

Morgan presented the Fourteenth Henry Norris 
Russell Lecture of the American Astronomical So- 
ciety in June 1961. A summary of the results given 
in the lecture follows: (1) A comparison of star 
clusters, of both the globular and galactic types, 
with individual galaxies shows that, so far as the 
contribution to the luminosity in the blue and violet 
regions are concerned, the range in integrated spec- 
tral type—and spectral characteristics—among star 
clusters agrees closely with the range observed among 
galaxies. (2) Within the nearer regions of the uni- 
verse, there is a remarkable difference in the stellar 
population of star clusters and of rich clusters of 
galaxies; star clusters of the Orion nebula type have 
analogues in single galaxies like NGC 4214, but no 
rich clusters of galaxies have been found where the 
brightest component galaxies are of this type. This 
investigation was supported by the National Science 
Foundation. 


W. W. Morean, Director 
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For the plane restricted problem of three bodies, new computational and iteration methods are employed 
to determine, on an IBM 650 electronic computer, a series of periodic orbits of the Trojan type. The 
resulting periodic solutions, established to a high degree of numerical accuracy, refute Thiiring’s (1951, 
1952, 1959) repeated claims of their nonexistence. Harmonic analysis is used to obtain the Fourier series 
representation of all the orbits. The convergence of the Fourier expansions is very satisfactory up to 
amplitudes of the order of those of the actual Trojan planets with the largest libration amplitudes. All the 
orbits computed appear to be stable, even the horseshoe-shaped periodic orbit enclosing both equilateral 
points and the collinear libration point opposite to Jupiter. The latter class of orbits, anticipated by Brown 
(1911), is of particular interest, because with their increasing amplitudes-but decreasing periods these 
orbits link the equilateral points with the satellite region of Jupiter. 


1. INTRODUCTION 


lig the restricted problem of three bodies, the existence 

of periodic orbits about the two equilateral Lagran- 
gian points L, and Ls; has been claimed in many 
numerical and analytical investigations, but nearly 
always only to a certain degree of approximation, or 
for a severely limited range of amplitudes, or many 
times with both of these limitations being imposed. 
Numerical results also have been limited to certain 
special values of the ratio M between the two finite 
masses of the problem. For M <0.0401, rigorous mathe- 
matical proof has been given by Wintner (1930) for the 
existence of periodic solutions in the immediate neigh- 
borhood of the two triangular libration points. Brown 
(1911), in qualitative studies related to the curves of 
zero velocity of the Trojan problem, presented evidence 
suggesting the existence of periodic libration orbits of 
large amplitudes, including even “horseshoe’’-shaped 
orbits enclosing both triangular points. On the other 
hand, recent studies by Thiiring (1951, 1952, 1959) 
resulted in the claim that it is impossible for the small 
body of negligible mass to describe a truly periodic 
orbit of finite dimensions, but that the true motion 
would be of a spiraling nature. In the resulting unstable 
trajectory, any Trojan planet of the plane restricted 
problem would eventually depart from the vicinity of 
its center of libration, according to Thiiring, to proceed 
to the region of the other triangular point, and vice 
versa. This orbital development is reversible, according 
to Thiiring’s (1959) findings. 

In view of this confusing situation, it appeared desir- 
able to attempt the actual determination, to a high 
degree of computational accuracy, of a series of periodic 
libration orbits of finite and large dimensions. While 
Darwin (1912) and Moulton (1920) determined certain 
periodic orbits by numerical integration, for the mass 
ratios M=1/10 and M=1/1, respectively, and while 
Strémgren (1929, 1930) similarly established the exist- 
ence of certain asymptotic orbits for M=1/1, the 
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numerical accuracy of all these studies was limited td 
rather few significant figures. Thus no results of higl! 
precision were actually available to prove the existence 
of periodic orbits of large amplitudes, especially in the 
real Trojan problem, where M represents the mass oj 
Jupiter. Thiiring’s (1959) more recent numerical 
integrations, on the other hand, had been obtained on 
electronic equipment and to a considerable degree off 
computational accuracy, and thus the results called for 
careful consideration. Many earlier investigations and 
assumptions have been challenged by Thiiring’ 
repeated claim of the nonexistence of periodic Trojai 
orbits. 

While the present work was in progress and the 
actual existence of periodic orbits of large dimensions 
became increasingly evident, the error was also found 
which is responsible for Thiiring’s apparent theoretical 
proof (1952) of the nonexistence of periodic solutions. 
This proof rests on the erroneous assumption (Thiiring 
1952, p. 227) that the Trojan’s return to its initial 
position and velocity components im the rotating coor-: 
dinate system must coincide with the simultaneous 
return of the vector w, which in Thiiring’s paper 
represents the velocity of the rotating frame at the 
Trojan’s location in the inertial heliocentric system, to 
its initial size and direction. Such a requirement demands 
in fact that the period of libration should be commen- 
surate with Jupiter’s orbital period, contrary to 
Thiiring’s previous specific exclusion of such a commen- 
surability. This unwarranted and restrictive assumption 
invalidates the alleged proof of nonexistence, while the 
numerical results (Thiiring 1951, 1959) actually prove 
nothing more than that the starting conditions selected 
by Thiiring are not those of periodic orbits. A com- 
parison with periodic orbits reveals indeed that 
Thiiring’s initial data differ so substantially from 
periodic ones, that the unstable trajectories found by 
Thiiring probably owe their nature to these large initial 
deviations. 

The search for periodic Trojan orbits of substantial 
dimensions meets with considerable difficulties because 
of the asymmetrical shape of these orbits. Three new 
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nethods have been combined in the present project to 
acilitate the computation of the libration orbit of long 
yeriod through a certain selected point (da, bo) in the 
otating coordinate system. Steffensen’s (1956) method 
ias been used to integrate the equations of motion by 
neans of expansions of the coordinates in powers of the 
lime, calculating the expansion coefficients from recur- 
‘ence formulas highly suitable for electronic computers. 
The adaption of this method to the Trojan problem is 
lescribed in Sec. 2. Any iteration procedure based on 
ubitrary variations of the starting data would require 
the time-consuming calculation of many complete 
orbits, over periods of the order of at least 148 years, 
lf no reasonably good approximation to the required 
starting values is available at the outset. A method 
providing such approximate starting data is presented 
in Sec. 3. Finally, a special method of iteration, to 
improve the tentative starting conditions on the 
basis of three variation orbits through the same 
selected starting point (do, bo), is devised and described 
in Sec. 4. The remaining sections are devoted to a 
survey of the results obtained by the use of these 
methods. 


2. EXPANSION OF THE COORDINATES IN 
POWERS OF THE TIME 


In the restricted problem of three bodies considered 
here, we assume the planet Jupiter J to describe a 
circular orbit relative to the sun S. The radius of this 
‘orbit is adopted as the unit of distance, the sun’s mass 
as the unit of mass, while the unit of time is chosen so 
as to reduce the gravitational constant to unity. Con- 
‘sequently Jupiter’s mass M, angular velocity NV, and 
orbital period P satisfy the relations 


N?=1+4M, (1) 
P=2nr/N. (2) 


Hill’s value M=1:1047.355 has been used in all the 
numerical work. 

_The position (p,q) of the Trojan T of negligible mass, 
limited to motion in Jupiter’s orbital plane, will be 
referred to rectangular axes with origin O at J, the 
axes rotating about the normal to the orbit plane of J 
with Jupiter’s angular velocity V. The directions of the 
axes OP and O0@ are chosen so as to give to the sun the 
coordinates (1,0) while Jupiter, of course, has the 
coordinates (0,0). 

The Trojan’s distance r and s from Jupiter and the 
sun, respectively, are given by 


| 


Barig, *=(—1)+9. (3) 
The differential equations of motion, 
ap 
av Mp 1)+ (p—1)(s*—1)=0, 
(4) 
Of owe (r4—1)+ q(s*—1)=0 
Oe ate : 
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admit Jacobi’s integral 


2 O} 


MPH) + 8-42) —( =) - (=) =c. (5) 


where C is Jacobi’s constant. 

The integration of (4) by expansion of the coordinates 
p,g in powers of the time ¢ has generally been assumed 
to be impractical, until Steffensen (1956) showed that 
with certain auxiliary dependent variables it is possible 
to transform the equations of motion into a differential 
system of the second degree, and to compute the coef- 
ficients of the power series by recurrence formulas 
particularly adapted to the use of modern computing 
equipment. While in the example given by Steffensen 
the radius of convergence is rather small, a much better 
convergence may be anticipated for the Trojans with 
their extremely small velocities and accelerations in the 
rotating frame. For the Trojan problem, however, I 
found it practical to incorporate the factor M into the 
coefficients of one of the series involved. Thus the fol- 
lowing equations, as used for the present work, differ 
from those of Steffensen (1956) in consequence of this 
modification. 

The two auxiliary variables K, L, introduced by 


KV (a — 1) se — (6) 

satisfy the equations 
r(dK/dt)+3(K+M) (dr/dt)=0, 
s(dL/dt)+3(L+1) (ds/dt) =0, 
while the differential equations (4) can be rewritten as 
(@p/dt?) —2N (dq/dt)+ pK+ (p—1)L=0, 
(@q/d??)+2N (dp/dt)+qK+qL=0. 


Let it be assumed that at t=% the coordinates 4, gq, 
and therefore also the variables r, s, K, L, can be 
expanded in powers of {—fo, so that 


(7) 


(8) 


p=Lanl-W)", — g=Lbalt-o)", 9) 


n=0 

dp ca 

—=)> nan (t— to)", 4-5 nOn(t—to)"—, (10) 
dt n=1 n=1 

2D oo 
—=)>> n(n—1)a,(t—to)”~, 

df n=2 

aq (11) 


—= > n(n—1)b,(t—to)", 


n=2 


] 


r=) Cn(t—to)", 


n=0 


pea n)*- | (12) 


ere aie eS i* (13) 
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It is most convenient to identify the four coefficients 
do, bo, a1, b:, or the position and velocity components 
at the time fp, with the required four constants of 
integration. Since for t=t) the coefficients ¢o, do, eo, fo 
follow from the corresponding evaluation of the four 
equations (3) and (6): 


Ce =a’ +)¢, d= (do— 1)?+- Be’, (14) 
eo=M (co *—1), fo=do *—1, (15) 


the next expansion coefficients to be determined are 
C1, di, €1, f1, @2, be. These, and all subsequent coefficients 
Cny En, ny fny Anti, On41, are given by the recurrence 
formulas 


n n n—1 
Lee Ayan ++, b,On—»— >, CyCn—v, (16) 
v=0 v=0 v=l1 
n n—1 
2didn= >, a ® UN 2an; (17) 
»=0 v=0 
n n—1 
—NCoen=3 »D tn VeyCnv+3M nen, (18) 
y=1 v=l1 
n n—1 
—ndofn=3 >, rdyfaot>, fbn» +3ndn, (19) 
y=1 y=1 
n—1 
== (n+ 1) dn41= ys qd, (Casa thn) 
v=0 
—2Ninb,—fir (20) 
n—1 
=f (n+ Dyes >: b(n atfas) +2 nan, (21) 


v=0 


which are based on the identities resulting from the 
substitution of the expansions (9)—(13) into the six 
equations (3), (7), and (8). The a,, 6, are the only 
coefficients actually desired, for the expansion of p and 
g according to (9), but the other four sets are needed 
as auxiliary quantities. ; 

The IBM 650 electronic computer has been pro- 
grammed to use the four input data do, bo, a1, 61 for 
the calculation of all the coefficients according to Eqs. 
(14)-(21), for increasing values of m, until the six 
coefficients dn, bn, Cny En, Eny fn were found to be zero in 
the ninth (rounded) decimal position for three sub- 
sequent values of m. Accordingly the do, bo, as well as 
the , q in general, were carried throughout to nine 
decimals, or 10 significant figures. All six powers series 
were found to converge rather rapidly, for periods and 
libration amplitudes comparable to those of the real 
Trojan planets, so that a; and 6; would be the highest 
coefficients required to secure the ninth decimal of p 
and gq in such periodic orbits representative of the actual 
Trojans. 

Since the resulting power series, as exhibited in Sec. 
5, are obviously convergent for 


0<G-=1, (22) 
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the IBM 650 was instructed to use the dn, bn jul 
obtained to evaluate Eqs. (9) and (10), with t—-t=-+F| 
to find the numerical values of p, g, dp/dt, dq/dt ¢) 
the time t;=t-+1. These new position and velocit} 
components, valid at the time 4, were then considem 
as new input data do, bo, a1, 61, and the machine returne| 
to its first cycle of operations, to calculate the powe) 


adopted unit of time, or approximately 1.89 years. Th | 
about 79 consecutive steps were required to cover thj 
approximately 148 years for the libration period associ 
ated with a moderate amplitude. ey 

As a check, the Jacobi constant C was computed 
from (5) after each step. In general, all the subsequen| 
values of C were found to agree with the initial one t¢ 
better than eight decimals, or nine significant figures} 
over a complete period of libration. All the power serie! 


for printing and inspection, after each step from #; tq 
tiz1. The machine proceeded automatically from step td 
step, and was stopped manually after the trajectory, 
had reapproached and passed the starting positior 
(ao,b0). The IBM 650 needed about 1540™ to complete 
one libration of moderate amplitude, including the 
punching of all results after each step. 


3. DETERMINATION OF APPROXIMATE 
STARTING CONDITIONS 


To find starting conditions approximating those of a 
truly periodic orbit, certain particular features of the 
Trojan orbits can be used to advantage. From various 
first-order theories it is well known that any Trojan 
moving in Jupiter’s orbital plane will reach the maxi- 
mum value of its velocity V relative to Jupiter approxi- 
mately at the time of the closest approach to its respec- 
tive libration center L, or Ls, and that the point of this 
closest approach lies on or close to the straight line 
connecting the sun S with L,4 or Ls. Furthermore, V 
changes so slowly before and after the approach to L4 
or Ls, that not only dV/dt, but also d’V/d? is nearly 
equal to zero at the time of conjunction with the equi- 
lateral point. 

Now V is given by 


V?= (dp/dt)’+ (dq/dt)’, (23) 
or, using the power expansions (10), , 
V2=a24+b2+4(a1a2+b1b2) (t—b) : 
+ [4 (a2+ 622) +6 (a1a3+61b3) |(éi- to)?+ wteuers (24) 


Let the starting position (a0,bo) at time ¢) be chosen 
so as to lie exactly on the straight line connecting S 
with L, or Ls. Then initial velocity components ay, 6; 
approximating those in the periodic orbit through 
(ao,b0) may be determined from the two conditions 


2(a2+6-?)+3(a1a3+6163) =0. 


/)btained by equating the coefficients of (t—t)) and 
; |t—to)? in (24) to zero: 


@102+6,b.=0, (25) 


(26) 


— 


quations (25) and (26) are synonymous with dV /di=0 
and @V/d?=0. 
To obtain a, and 6; from (25) and (26), Eqs. (14)- 


(21) have first to be used to eliminate ae, b2, a3, b3 in 
favor of do, bo, ai, 5;. In this way the two conditions 
(25), (26) can be reduced to a quadratic equation for a: 


ay+Fa,+G=0. (27) 
‘The coefficients F and G are given by 
FD=2N(1+2)B, GD=A?+B’, (28) 


‘where the quantities A, B, z, D in turn have to be 
calculated from the following expressions: 


A= (ao— 1) fotaceo, B= bo(eo+fo), (29) 
z=—A/B, (30) 
ie +fo éo+ 
atl tao vege ea a ae 
i Co 
— (eotfo)(1+27). (31) 


In the last four equations, the ¢o, do, éo, fo are known 
functions of ao, bo according to (14) and (15). 


Equation (27) for a; has two different real roots, for 


the range of (ao,bo) values here under consideration, but 


_ one of these is too large to be applicable to the small 


velocities in the orbits of long period. It probably 


approximates the corresponding starting conditions in 
the quite different class of short periodic libration orbits, 
not considered in this investigation. The other root, 
obtained as the small difference of two large quantities, 
constitutes the desired result. From the result for a, 
the related one for fi is given by 


b\=2a). (32) 


Since (do,b9) has been chosen as a point located on 
the straight line through S and Ly, or Ls, respectively, 
the components do, by can be expressed in terms of a 
single parameter A. We identify \ with the distance 
between (ao,b9) and the libration center L4 or Ls, 
respectively. Then the starting value dy of the Trojan’s 
solar distance s is given by 


do=1+A, (33) 
while the expressions for ap and by are 
a=3(1—d), bo= +3V3(1+)). (34) 


In our system of coordinates, the equilateral point 
commonly referred to as Ls has the coordinates 
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(+3, +3V3), while L, is located at (+4, —3V3). Ac- 
cordingly the two signs of 9 in (34) refer to starting 
positions near Ls or L4, respectively. For symmetry 
reasons it is sufficient to limit the computational work 
to orbits with a positive starting value of bo. For any 
periodic orbit passing Ls, there is a symmetrical orbit 
or branch passing 24, and it is sufficient to find the 
orbits passing the Lagrangian point L;. 


4, ITERATION METHOD FOR THE PERIODIC 
ORBIT THROUGH (dp,bo) 


Any near-periodic trajectory started at (ao,bo), with 
provisional velocity components (a;,b,;) determined 
according to Sec. 3, will not return to its exact starting 
position and velocity, but it will reapproach the 
starting point (do,bo) to a certain minimum distance Ao, 
at a certain time t=f+T.°The passing distance Ao 
will be small, and 7 will be nearly equal to the period 
of the actual libration orbit through (a,bo), if the 
approximation for the starting velocity (a1,b1) was a 
good one. 

While Ay denotes the minimum distance of the 
Trojan’s reapproach to (do,bo), the notation A may 
represent the moving planet’s varying distance from 
the same point (d,bo), so that A=Ao for t=f+T. In 
general one has 


A?= (ao—p)?+ (bo—9)’, (35) 
and consequently 
dA dp dq 
= (p—a)—+ (q—bo)—. (36) 
dt dt 


Since Ap is a minimum value of A, the numerical value 
of the right-hand member of Eq. (36) must be equal to 
zero at the moment f+T of the closest approach to 
(do,b0). This fact has been utilized for the practical deter- 
mination of the numerical value of T for all the near- 
periodic and periodic libration orbits computed on the 
IBM 650. First the time interval (of unit length) during 
which the closest approach took place was found by 
inspection of the printed (p,q) values. Then the power 
series representing the Trojan’s position and velocity 
during this particular time interval ¢;;:—?; were used, 
on the IBM 650, to subtabulate the p, g, dp/dt, dq/dt 
for each hundredth of the interval. At the same time 
the interpolated values were used go compute AdA/di 
according to (36) for all these equidistant moments. 
Finally the printed record of all the subtabulated 
results was used to find, on a desk calculator, the 
precise value of T and of the related position and 
velocity components. The particular values of p, q, 
dp/dt, dq/dt, determined in this manner for the moment 
to+T at which A=Ag, will be denoted by (), (q), (p), 
(@. 


Let us define the residuals of the near-periodic orbit 
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under consideration by the differences 
de—(p)=A(), bo—(g)=A(Q), 
=A(p), i—(@)=A(®).- 
These four residuals, denoted by A(p) etc., should be 
zero in any periodic orbit. To improve the provisional 
a@.5;, of the near-periodic orbit and to eliminate its 


residuals, the required corrections da,db; may be 
determined from the conditions 


(37) 


a(d) a(p) 
bhai A ad OE 
Odi aby 
) (9) a 
d(q) d(q 
——da; +——db,=A(g), 
Odi 0b; 
3(p) a(p) 
| fata ae, 
day db; 
(39) 
a(@) a(q) 
dat -1}@=a(@. 
da: db; 


These equations assume a linear effect of small vari- 
ations da;, db; on the residuals A(p), etc. defined in 
(37). The left-hand members of (39) include the 
“direct” terms —da:, —db;, respectively, because 
according to their definition in (37) the A(p), A(q) are 
directly affected by any variations of a; and 6, in 
addition to the indirect effects through the resulting 
variations of (p) and (@).- 

The coefficients of Eqs. (38) and (39), or the partial 
derivatives 4(p)/da1, etc., may be found from three 
variation orbits as follows. Let us assume that, in 
addition to the near-periodic orbit with provisional 
starting values (a;,b:), two other orbits have been cal- 
culated with initial velocity components (a@;-+Ady, 5;) 
and (a1, 5;Ad:), respectively, where the Aa;, Ab; are 
small (not necessarily equal) arbitrary variations. The 
starting position (de,b9) is the same in all three orbits. 
Let us refer to these three trajectories as orbits Oo, Oz, 
O;, respectively. Each of these orbits will reapproach 
the starting point (d9,b9) after a somewhat different 
time T, to a different mimimum distance Ag. For each 
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Fic. 1. The periodic orbits for ds=1.01, 1.02, 1.03. 
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Fi. 2. The periodic orbits for do= 1.04 and 1.05. 


ae the values of T, (f), (gq), (p), and (g@) can be 
caabiehed as previously described. Then, if the 
subscripts 0, a, 6 are used to distinguish between thes 
values from the three different orbits, the partial 
required in (38) and (39) can be obtained as follows 


d(p) a (P)a—(h)o 9(g) i (q)a—()o 


8 P| 


da, Aa, 0a, Aa, 

8(p) (b)e—(P)o 9(g) (Ds—(Qo 

ab, - Ah da) Sn 

8(p) (B)a—(P)o 9(G) (Ga—(G)o 

da; i Aa; ‘ “Gora Aa, ‘ 
9@)_@- Be 2) _O-Oi 
abi Abcssi. toa Abit 


Again, these are first-order equations, assuming a 
linear relationship between the variations Ad, Ab; an 
the resulting differences (p)a—(P)o, etc. : 

Now the Eqs. (38) and (39) are four in number, while 
only two unknowns, da, and db,, have to be determinec 
from them. In praxis, however, it is seen that the tw 
equations (38) are correlated by a factor approximatin 
v3, in consequence of our selection of the starting poin 
(ao,bo) on the straight line connecting S and Ly or Ls. ' 
When this point is reapproached by the Trojan after 
the time interval 7, then the position [(p),(g)] of 
closest approach lies approximately on the same straight 
line, while the velocity V is nearly perpendicular to it. 
Thus both Eqs. (38) tend to be satisfied by any cor- 
rections da,, db; which cause the point [(p),(g)_] to vary 
along the straight line connecting S and Ly, or L;. Since 
the coefficients of the two “velocity-equations” (39) 
have also been determined from three different [(p),(q) ] 
points, chosen by definition in such a manner as to lie 
very nearly on the same straight line through (do,bo), 
any solution da, db, obtained from (39) will necessarily 
tend to satisfy (38), too. The numerical results fully - 
confirm these conclusions. Accordingly, the two equa- 
tions (39) have been used in general for the determina- 
tion of da, db,, while (38) served as a check. 


The starting positions represented by d)=1.01, 1.02, 
1.03, have been selected for the actual deter- 
mination of a series of periodic orbits by the methods 
described in Secs. 2, 3, and 4. Up to and including the 
case with dj=1.04, very few iterations were necessary 
to find the final values of a; and 8;. Since the Trojan 
with the largest known amplitude, Diomedes, is repre- 
sented approximately by dy>=1.029 in the two-dimen- 
sional problem, the methods of Secs. 3 and 4 prove to 
be adequate for a range of amplitudes substantially 
| exceeding those of the real Trojans. The largest possible 
‘or “limiting” libration orbit about ome triangular point 
corresponds to do>=1.052, approximately. This limiting 
orbit is of infinite period, because it approaches the 
collinear libration point opposite to Jupiter asymp- 
| totically, without ever reaching it completely. It thus 
becomes difficult even on an electronic computer to 
_Teproduce any substantial part of this orbit to a high 
degree of accuracy, and the convergence of successive 
| approximations by the methods of Secs. 3 and 4 de- 
teriorates as dy values approaching the critical value 
1.052 are considered. 

For do values exceeding that of approximately 1.052 
for the limiting orbit, the two symmetrical groups of 
‘orbits around Ls and x find their continuation in the 
large horseshoe-shaped periodic orbits about both 
_ equilateral points. In this group, the orbit for dy=1.06 

has been established to a satisfactory degree of approxi- 
mation, as indicated by the residuals listed in Sec. 5. 
For dyp=1.05 and dy)=1.06, the computer time required 
was very substantial, because of the greater number of 
iterations and of the comparatively long periods in- 
volved. An exploratory trajectory has been computed 
for d)=1.07, to establish the further trend in this class 
of orbits about both libration centers. 


5. SURVEY OF PERIODIC ORBITS OBTAINED 


The periodic orbits for dy=1.01, 1.02, and 1.03 are 
shown in Fig. 1. The distance between two consecutive 
dots represents the motion during one unit-interval of 
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Fic. 3. The limiting orbit (d)~1.052). 
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Fic. 4. The periodic orbit for d)>=1.06. 


time (of about 1.89 years), except near to the turning 
points of maximum amplitude, where the velocity 
becomes too small and the dots too crowded to represent 
all the individual positions. The orbits for d)=1.04 and 
1.05 are plotted in Fig. 2. The orbits illustrated in both 
figures are those about L;, while the corresponding 
symmetrical orbits about Ls, with negative q values, 
are not shown. 

The limiting orbit represented in Fig. 3 has been 
drawn as a solid curve, because it was constructed 
from various approximating arcs. The fine structure of 
its intersection with the p axis deserves further study. 
Figure 4 shows the horseshoe-shaped periodic orbit for 
dy= 1.06, as well as the two parts of maximum ampli- 
tude of the approximating trajectory for d)=1.07. This 
orbit with do= 1.07 differs from the other for 1.06 mostly 
by its larger amplitude and shorter period. Otherwise 
these two orbits are so similar as to make it difficult to 
plot them in the same Fig. 4. It becomes evident that an 
increasing amplitude and a decreasing period are asso- 
ciated with any further increase of do, so that these 
horseshoe-orbits eventually approach the two collinear 
Lagrangian points near Jupiter and thus the satellite re- 
gion of this planet, as first envisioned by Brown (1911). 
The relation between the largest possible horseshoe-type 
orbits and the outermost periodic satellite orbits is of 
considerable interest and deserving of further study, 
especially with regard to the possible origin of the 
Trojans as former satellites of a more massive proto- 
Jupiter (Rabe 1954). 

While Figs. 1-4 are adequate to demonstrate the 
principal features of the periodic orbits which have 
been established, more precise tabular data are required 
to present the results to their full degree of accuracy. 
As the four constants fully determining each orbit, the 
precise starting data do, bo, a1, b; are listed in Table I 
for all the periodic orbits. 

The real accuracy of the a; and 4; is indicated by the 
size of the related residuals A(p), A(q), A(p), A(q), as 
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TaBLE I. Starting values for periodic orbits. 


dy ao bo ay 
1.01 + .495 000 000 + .874 685 658 + .012 987 562 
1.02 + .490 000 000 + .883 345 912 + .025 914 188 
1.03 + .485 000 000 + .892 006 166 + .038 779 033 
1.04 + .480 000 000 + .900 666 420 + .051 579 626 
1.05 + .475 000 000 + .909 326 674 + .064 718 610 
1.06 + .470 000 000 + .917 986 928 + .077 336 855 


by 


+ .007 488 536 
+ .014 936 636 
+ .022 349 361 
+ .029 668 175 
+ .036 729 553 
+ .044 371 494 


defined in (37). These residuals are given in Table II, 
together with the period T and the Jacobi constant C 
of each orbit. For the values of T, the unit of time is 
the one introduced in Sec. 2, of approximately 1.89 
years. 

The residuals are obviously of a random nature, so 
as to be ascribed to the accumulation of rounding errors 
from the terms of the numerous power series involved 
in the calculation of each orbit. The more substantial 
residuals of the orbits for d)=1.05 and 1.06 could have 
been reduced in further iterations, at the expense of con- 
siderable computer time. 


TaBLE II. Residuals, periods and Jacobi constants. 


A(p) AQ A®) A) 


do (ninth decimal place) A 6; 

1.01 — 10 + 17 + 35 + 30 78.55962 3.002 937 696 
1.02 — 4+ 8 + 52 — 28 80.26303 3.003 154 317 
1.03 + 7 — 11 — 3 — 13 -83.87281 3.003 509 291 
1.04 + 4 — 7 + 16 — 42 91.77719 3.004001 821 
1.05 — 54 + 96 +4215 + 51 117.73582 3.004590 595 
1.06 +138 —240 — 75 —879 183.42702 3.005 309 743 


To exhibit the convergence of the power series repre- 
senting the periodic orbits over time intervals of unit 
length, and the dependence of this convergence on the 
selected value of do, the initial expansions for p and q 
are given in Tables III-VIII. While these coefficients 
Gn, 6, are valid only for the first interval, from 7% to 
t:=to+1, they are representative for all parts of the 
corresponding orbit. The nearly constant and com- 
paratively small number of powers of ‘—t; needed in all 
sections of a given periodic orbit is one of the interesting 
results of this study. Only at the two “turning points,” 
where the librational displacement in longitude reaches 
its maximum amounts, do some of the expansions proceed 
to one additional term, and in even fewer cases to two 
additional terms, as compared to the number of terms 
tabulated for ¢=¢p. It will be seen in Sec. 6, in connection 


TaBLeE III. Expansion coefficients of p and q, at t=to, 
for d)=1.01. 


a+ .495 000 000 bo+ .874 685 658 


M+ 12987 562 bit 7488 536 
do 69 658 bo— 125 325 
a3— 14 841 b3— 8 032 
Qa 16 bat 302 
as+ 7 bs 0 


with the Fourier series representation of the periodic } 
orbits, that the rapid convergence of the expansions | 
in powers of /—t#; is a consequence of the very long ! 
periods T of these libration orbits. 

The exploratory trajéctory for d)=1.07 has not head | 
included into the preceding tables because of its devi- | 
ation from the final, periodic orbit. The main features | 
of this approximating orbit are of sufficient interest, | 
however, to be mentioned. The period T is of the } 
order of 138.5 and thus considerably shorter than the | 
one of about 183.4 for d>=1.06. The Jacobi constant | 
C is approximately 3.0063. The larger amplitude is | 
evident in Fig. 4. 


TABLE IV. Expansion coefficients for d>=1.02. 


ado-+ .490 000 000 
M+ 25914188 


bot .883 345 912 
bit 14936 636 4 


de+ 242 941 bo— 439 309 
a3— 32 934 bs— 16 809 
4+ 85 bat 1153 
a5+ Di bs— 11 
as 0 bs— 1 
The C value of the limiting orbit is q 
C=3.004 773 001. (44) 


This result is easily found, as the Jacobi constant of a. 
particle permanently at rest in the collinear libration 
point opposite to Jupiter. i 
The heliocentric orbital elements of the Trojans 
represented by the starting data ao, bo, a1, 61 of our 
periodic orbits can be found as follows. Let us introduce - 
a nonrotating heliocentric system of x,y axes in such a 
way, that at the given time ¢p the x axis points in the 
direction opposite to Jupiter’s position. Then, in con- 
sequence of our selection of the point (d,b9) in the 
rotating system, the heliocentric longitude of the 
Trojan at time / is exactly 120°. Therefore the Trojan’s 


Taste V. Expansion coefficients for dy=1.03. 


a+ .485 000 000 
a+ 38779 033 


bo-+ . 892 006 166 
b+ . 22 349 361 


do 519 337 bs— 931 458 
a3— 56 355 b3— 28 486 
a4— 148 ba 2 390 
a5+ 33 F bs-+ 8 
a+ 11 bet 4 


az 0 b; = 1 


TasBLe VI. Expansion coefficients for d)>=1.04. 
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TaBLE VIII. Expansion coefficients for ds>=1.06. 


ay+ .480 000 000 bo-+ .900 666 420 


a+ 51579 626 bi+ 29 668 175 
@o+ 834 979 boa— 1590 119 
a3— 73 761 b3— 24 885 
a+ 4 470 bat 3 032 
a5— 575 bs— 925 
a— 139 bs+ 56 
= “ az+ 15 b;+ 20 
dg+ 3 bs— 1 
tl 


heliocentric position (x,y) at this moment is given by 


; rapt; YUE (45) 
_ while the related velocity components are 
£=p—Zv3Ns, 
(46) 
Y=4-2Ns. 


| Here WV and s are the quantities defined in Sec. 2. From 
|x, y, £, y, the osculating heliocentric elements at time fo 
‘can be calculated by means of the familiar two-body 
_ relations, except that Kepler’s third law should be used 
; in the form 


an’=14+M (47) 


i! 
_ to obtain the mean motion m from the semimajor axis a. 
For the six periodic orbits of this investigation, the 
- eccentricity e, semimajor axis a, mean motion n, the 
i difference V —n of the mean motions of Jupiter and the 
Trojan, and the longitude of perihel & (counted from 
{ the direction of the x axis) are listed in Table IX. To 
give m and N—n in seconds of arc, Jupiter’s angular 
| motion V=299"1284 has been used. 
__ While all the elements exhibited in Table IX are 
those osculating at time ¢o, the values of a and m should 
be close to their maximum deviations from mean values, 
at this particular time. For Diomedes, the Trojan with 
: the largest known amplitude, the Pea iniars value of 
| |N—n| is about 12"8, so that a do value of approxi- 
. mately 1.029 follows from Table IX for the correspond- 
ing periodic orbit. For the limiting orbit, with approxi- 
mately d)=1.052, Table IX leads to N—n= +22"24, 
in good agreement with the comparable result from 
_ Thiiring’s earlier (1930) approximate theory of the 
Trojan problem. 
It has been noted by Schubart (1956) that a Trojan 
resting in Ls or Ls has such osculating heliocentric 


TaBLE VII. Expansion coefficients for ds=1.05. 


a+ .475.000 000 bo+.909 326 674 
4+ 64718 610 b;+ 36729 553 
a+ 1021 206 boa— 2809 376 
a3— 272 643 b3— ~ 28 612 
a+ 23.110 bat 41 606 
a+ 7377 bs— 2 136 
ag— 689 bs— 1155 
a7— £72 b7+ 55 
ast it bs+ 21 


ao+ .470 000 000 bo+ .917 986 928 


4+ 77 336 855 bit 44371 494 
d2+ 1911 603 ae HPAL SEU 
a3— 348 240 b3— 147 209 
a4— 6 756 bat 42 719 
a5 8 415 bs+ 2 691 
a+ 287 bg— 1 134 
a 189 b;— 65 
ag— 6 bst+ 21 
ag 3 bo+ 1 


elements as to occupy permanently the moving perihel 
of a slightly elliptic orbit. The last column of Table [IX 
shows that even for dy values representative of the 
largest observed amplitudes of the real Trojans, the 
periodic Trojan of this study has a perihel longitude 
® nearly identical with the planet’s own longitude 
(=120°, in the x,y system introduced above) when 
passing the libration center at L;. The Trojans repre- 
sented in Table IX are close to their maximum solar 
distances at the time ¢, but nevertheless they are also 
close to the perihel, and not to the aphel, of their 
osculating orbits. The very small eccentricities asso- 
ciated with the periodic orbits clearly seem to be of the 
nature of minor deviations from a circular “reference 
orbit” of variable radius. Since the ‘‘Jupiter” of the 
restricted problem describes a circular heliocentric 
orbit, such a result falls in line with Brown’s (1933) 
statement that Jupiter will tend to impress its own 
elliptic terms onto the orbital motion of a Trojan. 


6. REPRESENTATION BY FOURIER SERIES 


It seemed desirable to replace the successive power 
series representations of » and gq, each valid only for 
one unit interval of time, by Fourier expansions valid 
over the entire periodic orbit. For this purpose the 
IBM 650 was used again to evaluate and gq, from the 
power series, for 32 equidistant time values /; covering 
the complete period of libration. 

The Fourier series desired for p and g are of the form 


p= = Pe,n eT be Ps,n Sin(nu), (48) 


n=1 


q= e Gain cess Gz,n Sin(nu), (49) 


n=1 


TABLE IX. Heliocentric Trojan orbits at time 4. 


do € a n N-n re) 


120° 5390 
121.4426 
122.4391 
126.6702 
175.6266 
184.1108 


1.0109 2074 
1.0208 8405 
1.0308 4552 
1.0408 7557 
1.0504 0578 
1.0601 2805 


294"2944 + 4%8340 
289.9967 + 9.1317 
285.8033 +13.3251 
281.6822 +17.4462 
277.8574 +21.2710 
274.0439 +25.0845 


0006 8367 
.0002 7650 
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TABLE X. Fourier coefficients for d>=1.01. 
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TABLE XII. Fourier coefficients for dy =1.03. 


n Pe, n Ps, n Qe,n Qs.n nN pe. n ps, n Qe, n 
0 + .523 7542 + .869 5425 0 +.721 5630 + .879 0575 
1 — 309798 + .159 0967 — 59402 + .089 6773 1 — 252 1986 + .439 8495 — 641358 +.172 33 
2 + 21866 + 14503 + 108431 + 30697 2 + 15 7447 + 343265 + 565480 + 
3 + 229 + 1347 + 2959 _ 6980 3 - 7926 + 1 9526 + 205206 _ 
4 + 169 _ 20 ~ 526 — 299 4 + 3732 + 1 0622 + 1 3747 — 
5 — 6 — 18 = 38 -- 50 5 a 3691 = 443 — 9822 _ 
6 — 2 + 1 + 5 + 5 6 + 79 — 1363 — 4272 + 
7 0) 0 aad 1 0 i _ 551 — 169 ~ 220 + 
8 - 151 + 222 + 579 + 
9 —- 80 + 109, + 276 — 
10 a 72 _ 20 _ 1 - 
where the angular arguments (vu) are multiples of the 11 + 7 Re 45>. = 77 
; } 12 _— 38 — 13 _ 54. + 
new independent variable eos BO eee pe 
p 14 _- — es Pini ne 
u= (2n/T)(t—b). SO tet BS Sith ane oases 


From the 32 special values of p and g previously calcu- 
lated for the related moments /;, or for the related 
special values u; of u according to (50), the coefficients 
Pe,ny Ps,ny Ye,ny Ys,n Were found by harmonic analysis 
programmed again for the IBM 650 computer. 

On the basis of 32 special values of each coordinate, 
the highest coefficients actually determined for the 
expansions (48) and (49) are p<,16, Ps,15) Ye,16) Ys,15- Lhe 
Fourier coefficients thus obtained are listed in the 
Tables X—XV, each table giving these values for one 
of the periodic orbits. All coefficients have been rounded 
to seven decimal positions. 

It is evident that the convergence of the Fourier 
series representing p and g over the entire period T is 
not as strong as that of the power series valid over just 
one unit interval of time. The chosen number of terms 
is sufficient, however, to represent the first three orbits, 
including the one for d>=1.03, to about seven decimal 
places. These 3 periodic orbits, as represented in Tables 
X, XI, and XII, cover the total range of amplitudes 
of the real Trojan planets. 

Certain short-periodic terms, associated with such 
arguments as 11 uw, 12 u, and 13 u, become noticeable 
in Table XIII, for d)>=1.04. Also, the. use of qnly 32 
special values for the harmonic analysis evidently is no 
longer adequate to represent this orbit and the following 
two to the same accuracy of seven decimals. Never- 


TaBLeE XI. Fourier coefficients for d)>=1.02. 


Ye, n 


n Pc,n Ps, n qs, n 
0 +.595 8490 + .877 1222 
1 — 1141352 +.3089355 — 343026 +.155 1070 
2 + 82615 + 95859 + 363535 + 250714 
5 2049 + 8844 + 47200 — 37777 
Ls gs 2146 + 1308 =— 3633 — 8710 
Set 282 — 466 — 1369 Se 191 
De hs 119 — 720 = 88 + 434 
ino 24 + 33 + 102. + 56 
1 eae 10 + Se 242 23 
Yo 9 se AN 30 - 4 — 2 
1095 b= 1 — Ii 4 0 
11 = 1 0 Oo + 1 
12 0 0 0 0 
13 = 2 0 OSE 1 


theless the coefficients for d)=1.05 and 1.06 have been | 
listed, too, in order to illustrate the diminishing rate. 
of convergence. The results in Tables XIV and XV are - 
still useful for the representation of p and gq to at least ° 
a few significant figures. 4 

The value ~=0 is associated with the starting time’ 
to of the orbit computations. Consequently the power | 
series (9), representing p and gq over the time interval 
to <t<t,, must be equivalent to the Fourier expansions — 
(48), (49). Now the cosine and sine terms in (48) and 
(49) can be expressed as series proceeding in powers of 
(nu) and thus of (t—t), according to (50). Then the 
equivalence of the two different forms of expansions is’ 
reduced to an identity between two power series in 
(t—to). Since the two resulting identities, for p and q, 
must be satisfied term by term, the result is a system 
of equations relating the coeticieas Gn, bn of (9) to the 
Pe,ny etc. of (48) and (49). If we put 


m=2n/T, (51) 
so that - 
nu=nm(t—to), (52) 
TABLE XIII. Fourier coefficients for dp =1.04. 
n Pe,n Ps,n qe, Is, 2! 
0 +.919 6862 + .851 6690 
1 — 451 8396 + .530 1177 — 514360 + .116 2051 
2 + 98589 + 975745. + 399021 -+ 1581890 
3 + 18437 + 54806 + 482260 + 219111 
4 - 9837 + 26502 + 14 2641 — 77554 
5 + 8472 + 11348 + 8606 — 57097 
6 + 6476 — 1569 — 16722 — 17484 
7 + 6390 a 3439 _ 1 1369 <e 1129 
8 — 1592 — 1244 — 3155 + 4954 
9 = 1158 + 470 + 1070 + 3058 
10 — 136 + 812 + 1814 + 625 
tie ee 434 + 382) + 1047. — 661 
12 + 440 — 156 + 137 = 879 
13 + 154 — 541 — 392 - 536 
144 — 198 — 888 717 0 + 232 
1 + 758 + 354 5 = 415 
1460«- + 56 tee + 100 tee 


TABLE XIV. Fourier coefficients for ds=1.05. 


Pe, n psn qe, n qs,n 
) +1.256 2607 + .706 7747 
‘JL — 6955865 -+.4893656 -+ 1338185 —.048 2816 
» — 970084 + 2455170 — 497640 + 192 6487 
ia 85810 + 535512 + 413810 + 1151057 
. |: ae 18697 + 67657 + 463533 + 308442 
i | io 16786 + 27697 + 247953 — 16562 
F |) + 24344 + 89766 — 79111 
, ew 10581 + 112414 + 125145 — 62425 
ws + 10004 — 256 — 16067 — 33352 
ao + 4473, — 5196 — 20531 — 10455 
mo — $34 — 4722 — 14658 + 2921 
gir -. 2157 — 1880 — 6166 + 7385 
2 — 1239 — 1516 — 798 + 6347 
a3 — 4390  — 5784 + 9616 + 4636 
a4 + 3139 ++ 2862 + 262 + 4418 
5S + 4324 + 1715) + 3584. + 1426 
6 + 2261 see + 2154 tee 


 wccording to (50), then this set of relations takes the 
form 


@ ao 
Go= >> Pe,n, bo=X Yen, 
n=0 n=0 
co ao 
aq=m > np. ny bi=m Y NGe,n; 
n=1 n=1 
o oo 
B= — 8 DM pen, 02=—3M" > Wen, (53) 
n=l n=l 
ao wo 
a3;=— ym > np, ny b,=— gm > nq. ny 
| n=1 n=1 
i ot eeee 1.x 
O4=+—1'* > then, b4=+—m'* DS Ge,n, 
n=l 24 n=1 


From the equations given, the general law of these 
expressions (53) is evident. They can and have been 
used to check the -,n, etc. obtained from the harmonic 
analysis. 

According to (53), the power series coefficients dn, 
b, are proportional to m”. Since, for the long periods T 
of the Trojan orbits, m is a very small quantity as 
determined by (51), the rapid convergence of the an, bn 
could have been predicted on the basis of (53). While 
the Fourier coefficients exhibited in Tables X—XV show 
a decreasing rate of convergence for increasing values 
of do, the “frequency” m reaches its minimum value 
zero in the limiting orbit of infinite period. The factor 
-m” in the general formulas (53) for a, and 6, explains 
the usefulness of the power series expansions even in 
the.orbit computations for d)=1.05 and 1.06. 


7. STABILITY DISCUSSION 


To investigate the ordinary stability of the periodic 
Trojan orbits, we consider the effect of certain initial 


PERIODIC TROJAN 


ORBITS 509 
displacements Ap, Ag, at a given point (,g), on the 
subsequent motion. Without loss of generality, this 
particular point (f,g) may be identified with our 
starting point (do,bo) at time ¢o, and the initial deviations 
Ap, Ag may be assumed to be such that the Jacobi 
constant C of the nonperiodic orbit through (a+A¢, 
bo+Aq) is identical with the C of the periodic orbit 
through (d0,b9). At any subsequent time ¢, the trans- 
versal displacement 7 of a Trojan moving in the 
“‘disturbed”’ orbit from the “‘undisturbed”’ position in 
the periodic orbit is governed by Hill’s first-order 
equation 


(@n/d?)+ © (u)n=0. 


The related longitudinal displacement £, in the direction 
of the orbital tangent, satisfies another differential 
equation also involving 7, but the transversal displace- 
ment 7 is the only one of real interest for the stability 
question. : 

The function @(z) in (54) depends on the periodic 
orbit, through the involvement of p and g and their 
derivatives. As far as applicable and appropriate, 
Message’s (1959) recent treatment of Hill’s equation 
has been utilized to put ©(z) into the form 


(54) 


O(u) = (N/m)f(u), (55) 
with 
4 dp 3 sd? 
f(w=14+— —+—(—) nee (56) 
N dt N*\di 
where X and Y are defined by 
dpdp dqgd 
i coed les (57) 
dt dt dt dé 
—NY=K-+-L. (58) 


The expressions for K, L, and V are given by Eqs. (6) 
and (23). The angle y in (56) represents the direction 
of the Trojan’s velocity V relative to the positive 


TABLE XV: Fourier coefficients for dx=1.06. 


n Pen Pan Jen Ys,n 
QO +1.228 5413 — .000 3790 
1 + 173712 +.0494178 + 8767988 —.293 1312 
2 — 7582722 + 5711582 + 286405 + 347997 
3 +. 251208 + 189656 — 1495239 -+ 2159260 
4 — 533011 + 1929143 + 472633 + 150890 
5S ° + 31015 — 996 + 79635 + 168 3216 
6 + 93801 + 219061 + 296004 — 105170 
i 34342 + 30184 + 427688 + 509141 
Ou ers 2300 = — 5834. + 103353 — 147513 
9 — 10420 + 44769 + 257400 + 55553 
10 — 8600 — 5173 + 1900 — 108412 
110 + 11850 + 30234 + 103476 — 53238 
12 — 4074 — 4930 — 38057 — 62854 
13 + 17590 + 13369 -+ 17358 — 52945 
14 — 6233 + 4710 — 50507 — 27604 
1 + 16659 + 3322 — 19917 — 20076 
16 — 4147 tee — 26463 sas 
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Fic. 5. The function f(a) for d>=1.01. 
x axis, so that 
dy @qdp a@pdg 
Vv = : (59) 
dt d@ dit df dt 
Since 
du/dt=m=const, (60) 


according to (50) and (51), while WV is the angular 
motion of Jupiter, (55) can be written in the alternative 
form 


@(u) = (L/P) (wu), (61) 


involving the ratio of the orbital periods T and P, of 
Trojan and Jupiter, respectively. 

All the quantities involved in (56) for f(~) are known 
from the results for the periodic orbits. The special 
values of dp/dt, dq/dt, dp/dt, d’q/d?, d°p/dé, d'q/dé 
have been computed, on the IBM 650, just as previously 
those of and g. From the 32 special values of f(z), 
based on those of all the preceding quantities, the 
Fourier representation of this function was finally 
derived by harmonic analysis. 

The special values of f(w) have been plotted, in Figs. 
5-7, for some of the periodic orbits, in order to illustrate 
the characteristic features of this important function. 
It is seen that f(~) tends to approximate +1 over most 
parts of these libration orbits, except for the neighbor- 
hood of the “turning points” of maximum amplitude. 
Figure 5 shows f(u) for d)>=1.01, Fig. 6 for ds=1.05, 
and Fig. 7 for d)=1.06. Of particular interest is Fig. 6, 
because it reveals certain short-periodic fluctuations 
not recognizable in the other two curves. Obviously 
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Fic. 6. The function f(#) for ds=1.05. 
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the closeness of the related do value of 1.05 to thi 
critical one of about 1.052 of the limiting orbit mus} 
be responsible for this feature. The curves for do=1.02|) 
1.03, and 1.04, which have not been given here, ar 
similar in general to that for d>=1.01 in Fig. 5. Fron} 
the shape of these curves it is evident that a gooc| 
Fourier series representation will probably require 4d) 
great number of terms, even for such a moderate am-| 
plitude as that associated with d>=1.01. Figure 6, for 
the near-critical case d)=1.05, indicates that the short4 
periodic oscillations of f(w) reach their largest ampli4 
tude when the Trojan approaches the collinear Lagran- | 
gian point opposite to Jupiter. Therefore, any con 
clusions reached in this investigation on the stability} 
of the Trojan orbits should not be extended without! 
further study to periodic orbits approaching the limiting} 
orbit even more closely: As Fig. 7 shows, the pronounced] 
fluctuations of short period have practically disappeared) 
in the case with d)=1.06, most likely because this orbit | 
is farther away from the critical value 1.052. 


45° 90° «135° ~—- 180° 


225° 270° 315° 


Fic. 7. The fanction fw) for dom 10e! 


The harmonic analysis of f(u) produced the coef- 
ficients (1+40), a,, 8, of the expansion j 


f(u)= 1+60+2 5 a, Cos(ru) +2 x B, sin(rw). (62) 


With complex quantities 6, defined as 


6,=a,+i6, forr<0, i=(—1)}, (63) 
6,=a,—i18, for r>O0, / 
f(u) is transformed into the exponential series 
f(w)=1+ & 6, exp(iru). (64) 


r= : 


The convergence of the coefficients 6, was found to 
be rather slow indeed, even for such moderate ampli- 
tudes as those represented by dp=1.01 or 1.02. It will 
be seen, however, that the orbital stability seems to be 
affected very little by this slow rate of convergence, and 
that the very large value of the factor (T/P)? in Eq. 
(61) for @(#) tends to secure the stability of the 
typical Trojan libration orbit. For this reason, only a 
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TABLE XVI. The function f(#) for ds=1.01, 1.02, 1.03. 


do=1.01 dy=1.02 dy=1.03 
r 1+69= + .858739 1+6)=+ .822869 1+6)=-+ .829722 
Or B, Oy By Or Br 

1 — .01767 +.01916 — .02770 — .00130 — .03626 — .01229 

2 + 9907 + 3341 + 10993 + 9255 + 6753 + 12579 

3 + 841 — 1671 — 17 — 522 + 134 — 748 

4 — 6346 — 4550 — 2587 — 11188 + 4949 — 10164 
23 — 1331 + 1247 — 169 + 695 — 1087 + 934 

6 + 3445 + 4563 — 4071 + 8256 — 8871 + 964 

7 + 1662 — 642 + 562 — 570 + 1725 + 431 

8 — 1384 — 3806 + 6701 — 2869 + 4180 + 5466 


/mited number of the real coefficients a, and 6, is 
resented, to five decimal places, in Tables XVI and 
(VII. Actually, the highest coefficients considered in 
fe three successive approximations to the solution of 
fill’s equation (54) are a4 and 84. 

If a particular solution of (54) is assumed to have 
he form 


7= cs nr eXpLi(r-+c)u ], (65) 


then its substitution into (54) produces an identity 
which, for the various exponential terms involved, leads 
lo the equations 
i 2 
Urner = —> (6snr—s +O_snrts), 


s=l 


=i, 


(66) 

| r=0, +2, -:-, 

with 

: Ur=1+60— (m/N)?(r-+c)?. (67) 

If c is real, then 7 according to (65) is a purely periodic 

function, and the periodic orbit is stable. If ¢ is complex, 

however, real exponential functions of « appear as 

factors, so that in this case the orbit is unstable. 
Neglect of all the 0;, except of 0, reduces the system 

(66) to the single equation 


uo=1+0o—(m/N)P??=0, (68) 
from which 


c= (N/m)? (1+60), (69) 


while m9 remains an arbitrary constant. This result for 
¢ is real as long as (1+60) >0. Since 6 is small for the 
orbits considered here, c is of the order of N/m=T/P, 


and for orbits of moderate amplitude it is roughly 
equal to 12. To the extent of this first approximation, 
therefore, the solution (65) consists of the single 
periodic term with arbitrary coefficient 70, and with a 
period which differs from Jupiter’s orbital period P by 
the approximate factor (1—6)?. Thus the “disturbed” 
trajectory, represented by the displacements & and 7, 
oscillates about the periodic orbit by a principal term 
of such comparatively short period. This main fluctu- 
ation is easily recognized and verified, when near- 
periodic orbits computed on the IBM 650 in the course 
of this work are compared with the corresponding 
periodic orbit. 

To obtain the second approximation for c, we solve 
the three equations 


eet 6_1n0+-8_21, 


—uono=O1n_1+6_11, (70) 


Tum O2n_1-+-61N0- 


These are the equations to which (66) is reduced if 
only the integers r= —1, 0, +1 are considered on the 
left-hand side, and if all n; beyond 7-1, m0, m1 are 
neglected on the right-hand side. If yo is taken to be 
arbitrary again, the solution of (70) gives n-1 and 7 
in the form 


Taf U;0_1— 9_2f 1 m1 uU_101— 9_102 
= ’ — ) (71) 
n0 U_jUj—O_92 0 U_1U1— O_o» 
while c is determined by the sixth-order equation 
(ty — 0282) — 0-191 (U_1 + 141) 
+6_100+0°6_2= . (72) 


TaBLE XVII. The function f(z) for dj =1.04, 1.05, 1.06. 


dy=1.04 dy=1.05 dyo=1.06 

r 1+60= .846456 1+6@)=+ .847908 1+6)=1.008288 

Or Br ar By ay 6, 
1 — .04168 — .02425 — .01533 — .05370 +.01141 — .14924 
2 + 650 + 13494 — 7484 + 12657 — 14264 + 864 
3 + 726 — 183 — 1722 — 1269 — 4698 + 4402 
4 + 10169 — 3584 + 9517 + 8527 — 2411 +" 7582 
=) — 1423 — 669 — 1617 + 360 — 802 + 386 
6 — 4364 — 7300 + 9568 — 5817 + 1822 + 6398 
7 — 267 + 1982 - 83 + 1957 + 3037 + 848 
8 — 4890 + 4321 — 2005 — 10000 + 5134 + 2695 
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TABLE XVIII. First and second approximations 
for the stability constant c. 


dy co C00 Coo — Co 
1.01 11.59 11.61 +0.02 
1.02 11.59 11.56 —0.03 
1.03 AN 12.09 —0.08 
1.04 13.45 13.32 —0.13 
1.05 17.26 17.03 —0.23 
1.06 29.33 27.69 —1.64 


A third and more refined approximation will be 
provided by the corresponding solution of the five 
equations 


U_n—2+6_yn_1+6_391+6_an2= —6_29p, 

Ono U_yn_1 + 8_291 + 8_32= — 6_1M0, 
Bono +61n_1+6_191+6_292= — Uono, 
63n_2+Oon_1+ “im +6_192= — O10, 
64n_2+63n_1+ 6191 t+ uoqe= — O20, 


(73) 


which represent (66) if the w; up to u_2 and uw: are con- 
sidered on the left-hand side, and if correspondingly the 
ni Up to 7_2 and 7p are carried on the right-hand side. 
The solutions of (73) for the four unknowns 7_», 
N-1, 1, 72, In terms of the w;, 0;, and of the arbitrary 
constant yo, are equivalent to but more involved than 
(71). For our purpose, however, the related solution for 
c is the only one of real interest. This improved value 
of ¢ satisfies the following equation of the tenth order: 


—0_10,u_2U2(u_1+1) 

—0-10U9(U—pu_1+-UU2) 

—0_Bo[ U_uole+-u_yui (u_2+u2) |} 

—6_303U0(U_oU+U_yU2) —O_404uU_yUott 

+ hy (uote u_ gts u_yuo+ Ul) + kovo(u_s+ U1) 
+k; (u_2U_y+-U_ sto uyU2) +k (u_11) 


U_-QU_jUpuyU2 


Rs(u_o+u2)+Re(uatui)+Ruotks=0, (74) 
where 
ki =6_20_10s;+6_30:02, (75) 
keo=6_20-104+0_ 10103, (76) 
ks=0_20°+0_10s, (77) 
R4=0_264+6_4022, (78) 
ks=0_1°0°+6_270.?—0_303—0_3013— 202020101 
—60_20103—0_30_102+6_3030-101, (79) 
Re=0_2620_10:+6_3030_202+0_1040_10:—0_20_1°04 
—6_401°02—6_2°003—0_30_10:7 
—6_30_29:041—6_4010293, (80) 


ky = [0-101 P+ [6_383 P-+0_1040_292—20_3030_101 
—6_29_10.4—6_49°02—0_3°0.204—0_s0_28 3", 


(81) 


EUGENE RABE 


kg= 26_10;[ —0_1°02—0_201° + 0_ 9°04 +0_102°+0_20102 _ 
+6_26_103;—6_30_101—0_40103 | 
+6_26 o[ 01°80 2+6_201°—0_2°04—0_402” 
— 20_30:02—20_26_103+20_30_ 104+ 20_20103 | 
+ 26_303[6_1°02+0-20 1? —0_30102—0_26_103 | 
+6_s0s[ —0_1°02—0_201? |+-0_1'04+0_4014 
+6_2°03°+-0_3°62+-0_3°61°04+-6_48_1°6". (82} 


infinite number of terms. This situation corresponds t¢ 
that in Hill’s (1886) treatment of the motion of the 
lunar perigee. Since c* is the quantity directly obtained 
from (69), (72), or (74), in the successive approximas 
tions, and since the infinite system (66) will not be 
changed if each integral value of r is augmented 9) 
one and the same integer j, any root c=cp is associated 
with an infinite number of additional roots of the form 


c= +04). (83) 


According to custom, however, we adopt for ¢ the root 
which approximates 


co=+(N/m) (1460), (84) 


from our first approximation (69). All the roots are 
real if ¢o is real. { 

For the periodic orbit with d)= 1.01, the first approxi- 
mation is co=11.59, according to (84). For the second 
approximation, the solution of (72) produces the three 
positive roots 10.4, 11.6, 12.8. These consecutive values 
differ by 1.2, as compared with the theoretical 1.0-dif- 
ference in te final solution from the infinite system. 
To two decimals, the middle one of the three given roots 
is Coo= 11.61, which differs very little from the co=11.59 
of the first approximation. Table XVIII gives the 
values of co and Coo for all six periodic orbits. It is seen 
that the difference coo—co is rather small in general, 
compared to the value of the root itself. Only for 
dy=1.06 a somewhat larger change is found, provoking 
thus an interest in the third approximation, ¢oo0, on 
the basis of (74). 

To ascertain the further trend in the successive 
approximations for c in the orbit with d)>= 1.06, Eq. (74) 
has been solved, too. The result, cooo=28.19, falls 
between cy and Coo, so that convergence of the successive 
approximations and orbital stability are strongly sug- 
gested even for this horseshoe-type orbit. Evidently the 
slow convergence of the a, and @,, as exhibited in 
Tables XVI and XVII, has no significant effect on ¢ 
and thus on the stability, at least for the orbits con- 
sidered here. 

From the way in which N/m and 4) are involved in 
(67) and (69), and consequently in (66) for 7, it is 
easily seen that the very large N/m and the relatively 
small 6 of the typical Trojan orbit are responsible for 
the particular stability features of this class of periodic 
orbits: a large, real value of c, and the predominance of 


few fluctuation terms with rather short periods. A 
ferent outcome and perhaps instability may well be 
countered for those very large horseshoe-type orbits, 
which the period T and thus the ratio V/m become 
small that the preceding analysis involves equations 
ith quite different numerical characteristics. In such 
lses the libration periods themselves would be short, 
_ mpared with those of the typical Trojans. 

/Hill’s equation (54) disregards terms of higher order, 
) that the solution (65) is valid only for small initial 
 viations from the periodic orbit. For such small dis- 
lacements, orbital stability is indicated by the results 
four analysis, at least for the dy values considered here. 
‘he numerical integrations by Thiiring (1959), on the 
ther hand, have produced certain “spiraling” and 
stable trajectories. A comparison of ‘Thiiring’s 
tarting data with periodic orbits reveals, however, 
hat his initial deviations from periodic motion are not 
‘mall, but very substantial. Therefore, Thiiring’s results 
how that instability apparently determines the orbital 
yehavior when the initial deviations exceed certain 
imits. It should be interesting to establish these limits 
»y means of a more refined analysis. 


: 
8. CONCLUSIONS 


In consideration of the high numerical accuracy of 
the periodic orbits presented in Sec. 5, it seems justified 
to conclude that indeed one libration orbit of long 
period exists through any properly selected point 
(@,bo), and that Thiiring’s repeated claim of the non- 
existence of such orbits has been disproved. The logical 
error in Thiiring’s (1952) theoretical reasoning has been 
pointed out in Sec. 1. Steffensen’s (1956) method of 
integration by power series has been found to be very 
practical for the kind of trajectories considered in this 
investigation. In the light of Eqs. (53) it may be con- 
cluded that this computational approach to the re- 
stricted problem of three bodies should be advantageous 
in the search for any periodic orbits of long periods. For 
the actual determination of the Trojan libration orbits 
of long period, the new methods of Secs. 3 and 4 proved 
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to converge rather rapidly, up to libration amplitudes 
substantially exceeding those of the real Trojans. 
While all the periodic orbits obtained appear to be 
stable, it is interesting to note that the convergence of 
the Fourier series representing these orbits is rapid and 
satisfactory only for such a limited range of dy values 
as one finds associated with the observed range of 
amplitudes of the real Trojan planets. The Fourier 
representations up to and including the case dp>=1.03 
may be useful as intermediate or reference orbits in the 
theory of the more complicated ‘‘real” or nonrestricted 
Trojan problem. For such a utilization of the present 
results, it would be desirable first to cover the range 
1.00 <d) <1.03 more densely with an increased number 
of periodic orbits, computed for a proper sequence of 
equ distant do values. Then the periodic orbit for any 
desired value of do, in this most important range, may 
be found by interpolation of the tabulated starting data, 
periods, and Fourier coefficients of these selected orbits. 
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Formulae for an Accurate Intermediary Orbit of an Artificial Satellite* 


Joun P. Vint 
National Bureau of Standards, Washington, D. C. 


(Received June 9, 1961) 


Formulae are given for computing the drag-free orbit of an artificial satellite of an oblate planet moving 
in the field of a certain gravitational potential. This potential, expressed in oblate spheroidal coor- 
dinates and leading to separability of the Hamilton-Jacobi equation, fits the zeroth and second zonal 
harmonics exactly and, in the case of the earth, yields more than half the fourth zonal harmonic. The 
solution gives periodic terms through the second order in the oblateness parameter and secular terms 
exactly, for the given potential. It thus furnishes an intermediary orbit which should always remain very 


accurate. 


ET yu be the product of the gravitational constant 
and the mass of an oblate planet and c=r,J>?, 
where 7, is the equatorial radius and J is the coefficient 
of the second zonal harmonic of the planet’s gravita- 
tional potential. For the earth, J2~(1.08)10~*. Then, 
if X, Y, and Z are the usual rectangular coordinates of 
an artificial satellite of the planet and if 7, 0, @ are 
respectively its planetocentric distance, declination, and 
right ascension, its oblate spheroidal coordinates p, 7, 
and ¢ are given by 


X+1Y=r cosé expid=[(?-+c?) (1—n?) }? expid¢, 
Z=rsind=pn (—1X7nX<1). 
The potential 
V=—po(p?+e2n?)-} 


then fits the even zonal harmonics exactly through the 
second and, in the case of the earth, yields more than 
half of the fourth. Since this potential leads to separa- 
bility of the Hamilton-Jacobi equation, the solution is 
given implicitly by the quadratures (Vinti 1959) 


p 7 
t+Bi=+ fi pF *(p)dpee? f 1°G—*(n)dn, 
pl 0 


p ” ; 
eee: f F(p)-Mdp-Lon if G(n)-¥dn, 
0 


p 
He eae if (oe) 1F (p)-dp 
pl 


n 
as f (1-7?) 4G (n)—3dn, 
0 
where 


F (p) =Cas?+ (p?-+e) (—as?-+2up+ arp’), 
G(n) =—a?+ (1-7?) (as?-+ 2ar0?n?), 


the a’s and @’s being the Jacobi constants. The present 
paper summarizes the solution of these equations for p, 
m, and ¢ as functions of ¢. The derivation of the solution 
has appeared in J. Research Natl. Bur. Standards 65B, 
169, 1961. 


* This research was supported by the U. S. Air Force, through 
the Office of Scientific Research of the Air Research and Develop- 
ment Command. 
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If the initial conditions are known, one can ree di 
calculate the a’s. Then if one can evaluate the abo! 
integrals one can also calculate the 6’s. Evaluating t} 
integrals depends on factoring the quartics F(p) ail 
G(n). The factoring of G() is immediate: 


G(n) = —2aie (n?’—n°) (2-2), 
where 


—2a4¢? 8ar30? (ars? —«av3?) | 3 
(sean gee 
2(as’— a3") (ax?— 2ac?)? 
so that —1S—)SnSm0X1 and 72>>1. 


To discuss the factoring of F(p) we introduce, ij 
place of the a’s, the orbital elements 


9 = (1+ 2eja22u-) 2 
With p satisfying piSpSp2 we may write 


F (p)= —2a1(p—p1) (o2—p) (p? + Ap+B), 
and we then find that the p integrals involve A, B, c 


. E: { 
Qo = — Spar, ip = cos! (a3/a9) 


e, and p, where 


P2— p1 
a=2(pitp), e= =[1—(1—&) 
potpi 
Apip 2pip2 
ee eee =a(1—é&)= ; 
(p1+p2)” pitp: 


Thus a knowledge of A, B, pit+p2, and pipe is essentia 
for the evaluation of the p integrals. If we put 


po=ao(1—er), Ro=e/pe, x=(1—er)i, 
Y =a33/a2= COSiq, 
then through O(ko”) : 
A=—2kopoy*[1+ko(22?—322y?—4+ By) +--+], 
B=kopo?(1—y*) [1+ (4y?—22y") + - +], 
2a=pitp2= 2p 1 — Roxy? 
—kPxy? (2x2 3x2? —4+4 By") -- - | 
ap =pipe= pox [1+ hoy? (a?—4) 
— hey? (120? —a4— 202%y— 164-32" 
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|| do, €0, 40, 81, B2, Bz, are used as orbital elements, we 
jen assume that the quartic F(p) is factored numeri- 
lly, to as great an accuracy as may be desired, with 
\ above relations as a starting point. Then all the 


juantities a, p, e, A, B, no, n2 will be known in terms 
[the orbital elements ao, eo, and 7p. 

If we assume that the orbital elements are to be 
etermined by an iterated least-square fit of the solution 
yer many revolutions in the orbit and not by initial 
onditions, there is a better set of elements, introduced 
i y Izsak (1960). These are 

} 


a, @, [=sin™o, Bi, Be, Bs. 


\lthough they are not easily found from initial con- 
litions, they result in immediate factoring of both 
uartics, F(p) and G(n). We therefore give the solution 
h terms of these quantities, with the understanding 
hat they are to be determined either by least-square 
itting or from initial conditions by numerical factoring 


if F(p). 


COMPUTATIONAL PROCEDURE 


Given p, c, and the elements a, e, J, 81, Bx, and Bs, 
‘ompute 

p=a(l—e), 

D= (ap—@) (ap—Cn?)+40°Cn?, 
D'=D+402(1—7,?), 

A=—2a?D"(1—n0’) (ap—Cne), B= ene? DD’, 
bi=—3A, bo=B?, —20,=u (a+b 3)", 
~ast/2a= aap —?(1—n?)+apD"D’, 

a@2= (— 2a)? (aopo)?>0, 


A3;3=Q2 (1 = no? / dopo)? 3 cos/, 


Ho= sin/, 


n?=CD/apD’, 

k=2/f,  ¢=n0/n2- 

Restrict considerations to the-case 6;/b2<1. Then 
Tessie to0e— i, (Lz1°54"). 


We thus rule out equatorial and almost equatorial 
orbits. Then compute 


-) by ze by 
Ai=(1-e)'p =) Pa(— Re af), 
f; n=2 p bs 


oa bo n by 
As=(1-e) (~) P(")RL-e)'), 
4 nm=0\p bs 


where P,, is the Legendre polynomial of degree n and 
where R,,(s) =2"P,,(z), always a polynomial of degree 


[n/2] in 2. 
= (1-2) DaRnesl (1-2), 


PerroOVE DIARY SATELLITE ‘ORBIT 


on 
= 
on 


where 


i G 2i-2n bo 2n by 
=E(-n() (=) 2.(2), 
n=0 p p by 
; C 2i—-2n by \ 2ntl by 
Doii= Le en-() () Panss(—), 
n=) p p by 


By=20"'q"*[K(q)— Eq) ],  Be=2r"K(q), 


where K(q) and E(q) are the complete elliptic integrals 
of the first and second kinds, respectively. 


Bsa 1 (19) 4 — an 


where 
(2m)! m—1 (2n) Ing?” 
Yn = 


2?" (m 1)2 n=l 2" (n a 


Note that the above series all converge rapidly. 
Also compute 


An=i(l—e’)*p3(—20:Bp4+ Be, 

Ap= 3 (1—&)* Beep, 

An= (1—é)*peLbip ++ (3b°— 
— (9/2)b:BU+4 

—€)p [36 (3br 


B)p? 
E)p + $BA+3e)p], 
B)p?— (9/8) bi Bp 
+ 32 B’ (62+) p*], 
Ao3= (1—e?)*p 1fe3(— bd, Bp + Bp), 
A v= (3/256) (1—e?)?p > Bre, 
Asi= (1—e)*pe[_2+- dip (3+ 2?) 
—p?(GB+c) (4+ 3e) ], 
Azo= (1—)*p*[ 4+ fhip te 
— (t+ 92) 7*BB+2)] 
A33= (1—&)*p*e5[b1/12p—4p?(4B+ 2) ], 
Az=— gze'(1—e)*p °(GB+2), 
2mvi= (— 2a)? (a+b14+ Ai ten? A.B Bs), 
Qmrve= (ax’—as*) no 1A2Bo 1 (a+bi+-A1 
+A 
Here vi and v2 are the mean frequencies of p and 7. 
Now let £, v, and y be uniformizing variables, anal- 
ogous respectively to eccentric anomaly, true anomaly, 


and argument of latitude, and break them up into 
secular and periodic parts: 


E=M,+E,, v=M.+2;,, P=Vst¥>. 
The secular parts are given exactly by 
M,=29r1 (t+ Bi1—CBoa2 PB Br), 
Wo= 2nvelt+Bit Boas (a+bi+Ai)Ao*]. 
Next, break up the periodic parts as follows: 


E,= Eot it fp, Vp>= Yot?1+ 122, Yo=vit dirt y2, 


An»= (1 


2By,By 1) 
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where, e.g., Eo contains terms of orders k°, k, and k’, 
EF, contains terms of orders k and k?; and #, contains 
only terms of order k?. 

Then Ep is found by solving the Kepler equation 
M,+E£o—e’ sin(M.+E.))=M,, [e’ =ae/(a+b:)<e]. 


The term v is then found by placing v=M,+ 1 and 
E=M,+£, in the anomaly connections 

cosv= (cosH—e) (1—e cosE), 
+ (1—é)?(1—e cosk)“ sinE 


sinv= 


or equivalent relations. (Note that the e here is the 
original e and not the e’ in the Kepler equation.) Then 


= 2a) (ay 2 — as?) Ing 1A Bo. 
For £; we have 


Ey=[1~e' cos(M.+- Eo) >My 
—se'[1—e’ cos(M,4 Eo) |*M? sin(M,+ Eo), 


where 


M,= (a+6))7[— (Arte nc?A 2B1Bs)t9 
+4 (— 2a) 2 (ay?— az?) ?yo? sin (2y.+ Qo) |. 


To find 2, insert vx=M,+2+2; and E=M,+4£)4+h; 
in the anomaly connections. Then 


y= (= 2a1)—? (ay?—a3) no BoA 203+ Aoi sin (M,+00) 
+Aoe sin(2M,+20) ]+$@B.— sin (2py.+2W). 


For E, we have 


A= [1 —e! cos(M,+ Eo +E) "M2, 


JOHN P. 
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where 
=S— (atby Ve 1fA witA 11 sin(M,+v) 
tc, 12 sin (2 M+ 2u)+e(— 2a)? (ax?— ar?) *o3 ‘ | 
XLBihi— 1 60s (20, + 2~o)— 5 sin(2p.+2o) | 
+ & ¢ sin (4p, +4yo) ]}} 


++» in the anomaly connections. Then 


Yo= } 
(—2a1)- 2(ay? —a;)? no (Bs Al ootA 91V1 cos(M, +09} 
+2A 0901 cos(2M,+209) + Ao3 sin(3M3+3u9) ‘4 
+Aog sin(4M,4409) ]+34@Bs"[yr cos(2p.+2o) | 7 | 


Lee ae 
The spheroidal coordinates p and 7 are then given by| 
p=a(1—e cosEk)=(1+e cosv)"p, n=» siny, 


where H=M,+tEothit fo, v=M.+00+01+20, and 
Y=vst Wot ity». 


The right ascension is given by 
= Bstas (ay? — as”) mol (1— no’)? (1-42?) x 
+ Bat soneny 4 sin2y 


Poll Sons ILAset+ 5 ag sino} 
n=l 
[ 


Here x is an angle that equals y whenever vA is a multiple: 
of $a and which also satisfies expix = (1— 10 2 sin) [cosy 
+7(1—n0)?siny ]. If as is positive or negative, the ong 
is respectively direct or retrograde. Ne | 
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| A study of the region of M17 (NGC 6618) at a wavelength of 
.75 cm is described. The region was observed with the 85-{t 
»araboloidal antenna with a beamwidth of 5.7 minutes of arc 
horth-south and 6.6 minutes of arc east-west. The boundaries 
f the region are R.A. 1815™ to 1820™ and Dec. —16°32’ to 
= 15°53’. 
For the central region of the nebula it is shown that the mass 
's less than 5100 ©, the rms electron density is 140 electrons/cm’, 
‘the average emission measure is 180000 pc/cm®, and the flux 
lensity is 0.76X10-*3 w m~ (cps) 4. Some possible exciting stars 
we identified. 
| The contours of the central regions suggest a spherical shape 
or the nebula although the positions of the known possible 


| ; INTRODUCTION 


| STUDY of M17 (NGC 6618) was made at a 
wavelength of 3.75 cm in order to determine the 
shape of the nebula unmodified by absorption, to cor- 
relate optical and radio features, to identify exciting 
‘stars, and to estimate some of the physical properties 
of the nebula. The area studied extended from R.A. 
meta to 18"20" and Dec. —16°32’ to —15°53’ 
(1950.0). 


OBSERVATIONS 


The antenna used for the study was the 85-ft parab- 
oloidal reflector at the National Radio Astronomy 
Observatory. The half-power beamwidth at 3.75-cm 
wavelength was 5.7 minutes of arc north-south and 6.6 
‘minutes of arc east-west. The receiver was a broad-band 
‘microwave source comparison radiometer similar to one 
described by Drake and Ewen (1958). 
| An argon noise generator calibrated at 1.067°K was 
‘used in conjunction with the source Cygnus A in cali- 
brating the radiometer. The noise tube was used to 
‘determine the receiver output for 1.0°K input; Cygnus 

A was used as a convenient check on receiver calibration. 

‘Cygnus A was also used to measure the main beam 
‘Tesponse pattern which leads to the beam efficiency. 
‘The aperture efficiency value needed to determine 
beam efficiency was found from measurements of 
Cassiopeia A, the published efficiency of the NRL 
50-ft antenna by Mayer ef al. (1958), and an un- 
‘published 3-cm measurement of Cassiopeia A by Mayer, 
McCullough, and Sloanaker. 

The observations consisted of drifts in right ascension 
at three-minute intervals of declination over the region 
of study and several north-south scans to “tie together” 
the right ascension drifts. There were at least two drifts 
at each declination interval. The effect of receiver zero 
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exciting stars are not consistent with this. A spherical model coin- 
cident with the center of the contours is assumed for the center 
of the nebula and the electron density distribution is determined. 
The electron density distribution so found is suggestive of a 
Strémgren sphere; however, no exciting star has been identified 
near the center. 

The lack of correlation between the optical and radio shapes of 
the nebula indicates that the optical features are strongly affected 
by absorption. The eccentric position of the known possible ex- 
citing stars, together with the fact that the excitation energy 
available from them is insufficient to account for all the ionization 
that exists, suggests that the principal exciting stars have not 
been found. 


drift was removed from the right ascension drifts by 
placing a straight line through the five points at each 
end of the tracing and measuring deflections with 
respect to this line. Antenna temperature values were 
plotted on a coordinate grid from which the map of 
antenna temperatures in Fig. 1 was drawn. Probable 
errors range from 1.0°K at the northern and southern 
boundaries to 0.5°K at the center of the region. A more 
explicit description of the observational procedure is 
given by Osterbrock and Stockhausen (1961). 

A correction for beamwidth as described by Bracewell 
(1955) was applied to the contours of Fig. 1. The 
sharpened contours were then converted to brightness 
temperature by dividing the antenna temperature by 


f faa i J fdQ, 


main beam 
the “‘beam efficiency,”’ where f is the power response of 
the antenna. As shown by Wade (1960), the ratio of 
the “‘beam efficiency” to the aperture efficiency is 


Ey A, 
—— dQ. 
EG ”” main beam 

if 
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Fic. 1. Map of isophotes of antenna temperature in “K 
in the region of M17. 
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DECLINATION (19500) 


RIGHT ASCENSION (1950 0) 


Fic. 2. Map of isophotes of brightness temperature in °K in 
the region of M17. These contours have been corrected for antenna 
smoothing. 


By means of the measurements mentioned previously, 
it was found that E,=24% and E,/E,=1.21, giving 
y= 29% for the 85-ft antenna. 

The map of brightness temperatures is given in Fig. 2. 
The beamwidth correction was checked by integrating 
over the antenna beam at random points on the 
sharpened map; the orginal antenna temperatures 
were reproduced by this process to within 10%. It-is, 
of course, difficult to say how much weight should be 
given to the corrected map since the sharpening process 
is at best only an approximation. 


OPTICAL CORRELATIONS 


Some of the isophotes of brightness temperature 
have been plotted in Fig. 3 along with known OB stars 
in the region and other stars which will be discussed 
later. This figure may be compared with the photograph 
of the region made at Case with the 24-36 inch Schmidt 
telescope (Fig. 4). For identification of the field, the 
stars marked d, k, m and the double star n-p may be 
used. The optical center of the nebula, as given in the 
HD catalogue, is marked with a cross. The radio center 
is displaced from it at R.A. 18°17™5 and Dec. —16°12’ 
(1950.0). It may be seen from the shape of the isophotes 
that IC 4706 and 4707 near positions a and b, respec- 
tively, are physically part of M17 as has been suggested 
by Westerhout (1958a) and by Bok ef al. (1955). From 
the comparison of the isophotes with the photograph, it 
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Fic. 3. Position of stars in the vicinity of M17. The stars are 
designated by the lettered dots. The dashed circle is an Hu 
region described by Sharpless (1959). The cross is the HD center 
of M17. 


eK 


HOBBS 


may be seen that the nebula is heavily obscured im} 
mediately to the west of the center. This is also appar} 
ent, in a less convincing manner, from the distributior 
of background stars in the Palomar Atlas photogra 
of the region. 

A photograph of the region with shorter exposure 
time than either that of Fig. 4 or of the Palomar Atlay 
photograph is given by Shajn (1952). In this photography 
the maximum radio brightness corresponds to a regior, 
of the nebula that is obviously heavily absorbed. Thd 
radio center is nearly in the center of the longer exposed 
bright region. na 

The dashed circle in Fig. 3 is an Hu region defined 
by Sharpless (1959a)> The central contours fall within) 
this region. | 

Since there is very little. correlation between the) 
optical shape of the nebula and the radio contours, it} 
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Frc. 4. Case photograph of the region of M17. X marks the 
position of the optical center; O marks the radio center deter 
mined in this study. @ 


4 
may be concluded that the optical shape of the nebula 
is determined primarily by absorption, a result that was 
anticipated from the appearance of the photographs and 
from previous work on this and on other nebulae. 
The regions immediately to the east and to the ne 
of the central region of M17 (18525™ to 18"09™) were 
also investigated. These regions exhibit irregular inten- 
sity variations with peaks possibly as high as 10°K 
brightness temperature. ; ; 
POSSIBLE EXCITING STARS i 

Stars which are considered to be associated with the 
nebula by Sharpless (1959b) and by Cederblad (1 
are given in Table I. The magnitudes and spectra 
those given in the HD catalogue except where not 
as given by Hiltner (1956), and the radial velociti 
are from the catalogue by Wilson (1953). The radia 
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TABLE I. Stars identified with M17 by various observers. 


BD 
1 No. HD —16° Mag. Sp. V; Observer Comments 
a 168163 4806 gail B3 —15 Sharpless 
b 168276 4811 Da) F2 ee Cederblad IC 4706 
c 168302 4812 9.9 BS V —41 Cederblad IC 4707/Sp. by Hiltner 
Sharpless 
d sea ae foc oD ae For identification 
e 168486 4817 eZ A Cederblad vee 
f 168521 4821 9.9 K5 Cederblad 
g 168569 4827 10.6 B8 Cederblad 
h 168585 4828 9.7 B8& tee Cederblad 
k 168607 4829 8.9 B9 Ia —30 Cederblad 
| : Sharpless Sp. by Hiltner 
|. om 168625 4830 9.2 B8 Ia —4 Cederblad 
: ; Sharpless Sp. by Hiltner 
n 168702 4836 7.9 A oo Cederblad vee 
p 168701 4836 7.9 KO 21.8 Cederblad 


velocities indicate no clustering among the stars. Each 
star and its place in the nebula will be considered here. 
» 5, f, ”, p. These stars are not.able to excite the 
nebula. They can be eliminated from further consider- 
ation since their distance moduli indicate that none 
of them could be farther away than 300 parsecs. 
‘Westerhout (1958b) has estimated a distance for the 
nebula of 1700 parsecs. 

_e, g. The contours do not loop around these stars, 
"indicating that there is no increase of intensity in their 
vicinity. Neither star is physically able to cause any 
excitation. 

a. This B3 star can excite the part of the nebula near 
it. This region corresponds to the closed contours around 
a it. 

_c. This B5 star is apparently connected with the 
nebula as indicated by the shape of the contours. 

| d. This star is for identification of the field only. 
__h. The countours loop around this star. However, 
this B8 star is not capable of exciting the nebula unless 
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it should be a supergiant. 


vi 


__k, m. These are B9 supergiants and hence able to 
excite part of the nebula. Thé isphotes Show an increase 


in brightness in their vicinity. 

It may be concluded that stars a, c, k, and m are 

| probably causing a part of the excitation. These stars 

i alone, however, are not sufficient to provide all the 
ionization which exists. Undoubtedly the primary 
exciting stars have not been found. The eccentric 
positions of the exciting stars that have been found lend 
strength to this conclusion. 


PHYSICAL PROPERTIES 


A radio frequency spectrum of the central region of 
M17 is given in Fig. 5. The flux density in this region 
was found by measuring the areas enclosed by the 
various contours of antenna temperature, down to 
the 1.5 deg contour. Contributions from neighboring 
contours were neglected. The flux so found comes from 
a solid angle of 0.45° diameter, making this value 


ry 


directly comparable with the value found by Wester- 
hout, who also included the flux from a 0.45° diameter 
region. The flux density is 0.76X10-*? w m~ (cps), 
with an uncertainty of 20%. A least-squares straight 
line was drawn through the points in the spectrum 
found by the author, Haddock ef al. (1954), and 
Westerhout (1958b). The slope of the spectrum indi- 
cates that the emission is probably thermal. Dombrov- 
skii (1958) suggests that the radiation is in part non- 
thermal, but our high-frequency data may be com- 
patible with his results. 

The emission measure was found by the same 
method as described by Westerhout (1958c), with 
constants re-evaluated for a 3.75-cm wavelength. An 
electron temperature of 10 000°K was assumed. For 
the bright central region the “average emission 
measure,” in the sense used by Westerhout, was found 
to be 180 000 pe/cm*. 

A crude and possibly incorrect estimate of the 
distance to M17 was made by using the stars possibly 
connected with the nebula for which luminosity classi- 
fications were available. In Table II are given the V 
magnitudes on the UBV system, the color index 
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Fic. 5. Spectrum of M17. The slope of the least-squares straight 
line indicates that the spectrum is thermal. 
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TABLE II, Distances of some possible exciting stars. 


HD Sp. V B-V 3E(B_y) My M mo—M D(pe) 
168302 BS V 9.26 0.20 1.08 9.35 —1.3 9.57 825 
168607 B9 Ia 8.29 1.60 4.98 8.52 —7.0 10.54 1280 
168625 B8 Ia 8.41 1.46 4.65 8.63 —7.0 10.98 1570 


(B—V), the absorption 3£;g_y), and the spectral class, 
all given by Hiltner (1956). The absolute magnitudes 
of the stars on the Harvard visual scale were obtained 
from Keenan and Morgan (1951). The true distance 
modulus, corrected for absorption, (m—M), and the 
distance for each star were calculated. The distance of 
M17 was thus estimated to be 1200 pc. 


A MODEL OF THE CENTRAL REGION 


In order to determine the mass and the electron 
density of the nebula, a tentative model has been 
assumed. The region is so complex that no simple model 
will completely describe. the contours. The central 
contours, however, down to the 16°K brightness tem- 
perature contour, about 17.5 minutes in diameter, 
suggest a spherical model; but since there is neither a 
central exciting star nor are the possible exciting stars 
placed symmetrically about the center, such a model 
is at best a rough approximation. The location of a 
spherical model with respect to the contours is shown 
in Fig. 6. The mass and electron density of the assumed 
model were determined as follows: The sphere was 
divided into five shells of 1.75 minutes of arc thickness 
and a mutually consistent set of brightness temperatures 
determined from the brightness temperature contours 
was assigned to each shell. The average brightness 
temperature of the outer shell is about 7°K. The flux 
from such a model is equal to that derived for the 
central region that it represents. The electron densities 
were determined from the outside of the model inwards, 
subtracting the contributions from the outer layers 
while working with the inner layers. The brightness 
temperatures assigned to the model and the electron 
densities determined are given in Fig. 7. The electron 
density distribution is suggestive of a Strémgren 
sphere (1939), indicating that there may be a central 
exciting star. The accuracy of the model will not be 
known until all exciting stars are found, or radio obser- 
vations of improved resolution are made. 


Fic. 6. Position of the model on 
isophotes of brightness temper- 
ature. The circle is the outside of 
the model. 


POSITION OF MODEL ON 
ISOPHOTES 


CENTER: 
a= 19175 
8=-16°12' 


The mass of the central region described by | 
model was calculated. The gas making up the nea 


maximum mass was found to be 5100 solar massed 
Again the accuracy of this value is questionable due t} 
the uncertainties in the model. i 
Westerhout (1958b) has estimated the mass, th 
emission measure, and the electron density of M17 all 
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Fic. 7. A shell model of M17) - 
showing the brightness tempera- / 
ture and electron density as a 
function of the distance from the 
center of the model. 


ht 175 —H 


N( ELECTRONS/CM) 


0 7350357 oy 
DISTANCE FROM CENTER i 
(MINUTES OF ARC) e 


1390 Mc; Shajn (1955) has determined the density by 
optical means. The comparison of these studies with 
the present one is given in Table III. The mass esti- 
mated by Westerhout is that of the total nebula; most 
of this mass is contained in the spherical model described 
here. 


Tasir III. Comparison of properties of M17. 


N E 
electrons pe a 
D 
Observer M/Mo cm’ cmé pe 
Hobbs 5100 140 180.000 1200 
Shain a 190 she oe 
Westerhout 5600 125 200 000 1700 
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scan rate a. 


| HE advent of high-gain antennas in radio 
astronomy, resulting from observations in the 
| microwave region of the spectrum with large antennas, 
| has decreased antenna beamwidths to the point where, 
in many cases, the time taken for a radio source to 


traverse the beam on a drift curve (sidereal rate) is no 


longer very large compared with the receiver time 
constant. This condition results in a distortion of the 
output signal which becomes more evident the longer 
the time constant or the smaller the beamwidth. To 
minimize this effect, the recent trend among radio 
"astronomers has been either to use a very short time 
constant at the drift rate or to use a longer time constant 
at a scan rate much slower than the sidereal rate. Nei- 
ther of these techniques appreciably distorts the output 
signal. However, the former alternative has the disad- 
vantage of having to resort to a reduction and super- 
position of a large number of drift curves before one 
reaches an acceptable signal-to-noise ratio; the latter 
alternative has the obvious disadvantages which result 
when the antenna is in motion during the observation. 
Moreover, if the scan rate is too slow, gain variations 
in the receiver will adversely affect the result. 
For each antenna-receiver combination there is an 
optimum receiver time constant.7 which should be used 
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An expression is developed from which one may predict: (1) the amplitude, (2) the time delay in reaching 
the peak, and (3) the response width of the receiver output, given a receiver input that is a Gaussian function 
of time. The expression depends on the receiver time constant and the response width of the input Gaussian 
=| which, in turn, depends on the antenna beamwidth B, the width of the source at half intensity S, and the 


at a given scan rate for the measurement of faint sources 
whose widths at half-intensity S are comparable to, or 
smaller than the antenna beamwidth B. If 7 is too 
small, the signal-to-noise ratio on each individual record 
is so small that the reduction of the necessarily large 
number of records takes a great amount of computing 
effort. If r is too large, the amplitude of the receiver 
output is very sharply reduced and the output signal 
is smeared over too long a time base for easy recognition. 

The optimum time constant is usually of the same 
order of magnitude as the time taken for the antenna 
beam to pass across the source. In this case, however, 
the receiver output will often be distorted. If one can 
predict the parameters of the distorted output, then it 
should be possible to employ the optimum time constant 
for a given scan rate and reconstruct the undistorted 
input signal without an appreciable loss of information. 

In our discussion we shall confine our attention to 
the case where the receiver input is a Gaussian function 
of time. It is sufficient, but not necessary, that the radio 
source and the antenna beam have Gaussian distri- 
butions in the coordinate in which drift curves or scans 
are taken, although in the limit where S<B, only the 
beam need be Gaussian. The antenna beam pattern can 
be determined empirically by making scans across any 
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moderately strong discrete source of small angular 
diameter, S«B. For example, in the case of the 85-ft 
radio telescope at the University of Michigan, the main 
lobe at \ 3.75 cm is Gaussian to better than 5% of the 
peak amplitude. We define Ro to be the response width 
of the Gaussian input function to the receiver (i.e., the 
width of the input function at half-intensity points). 
For the case where the source intensity and the antenna 
beam are distributed in a Gaussian manner, it can be 


shown that 
Re=S?+ B?. (1) 


Ro is related to the standard deviation of the input 
Gaussian o by 
o= Ry/2.355a, (2) 


where @ is the scan rate. 

We shall first derive a general expression for the 
receiver output as a function of an arbitrary input 
function and the receiver time constant. Next, we will 
take the input function to be Gaussian and, finally, we 
will investigate the following three parameters of the 
output function relative to the input function; (1) am- 
plitude, (2) time at which maximum output intensity 
is obtained, and (3) width at half-intensity Rk. This 
work modifies, extends and applies the treatment in 
Strandberg (1954) and Sloanaker and Nichols (1960). 

First, let the receiver have a time constant 7. If at 
t=0 the input changes from yo to yi=const, then the 
output y,; at any time ¢; is given by the familiar expres- 


sion 
t;—to 
} 
. 


In the general case a continuously varying input can 
be approximated by taking a series of such step func- 
tions and adding them together. For example, from 


y= (—y0)| 1-exp( 
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Fic. 1. Representation of arbitrary step function input and output 
of a receiver with time constant r=1/RC. 
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Fic. 2. Output amplitude as a function of o/7 for a 
Gaussian input amplitude of unity. 


Fig. 1 we see that 
Amplitude y at (t=) 


=(-9)[1-en(-—*)] | 
+(.-»)|1-er(——)] 

+6--9)|1-en(——)] : 
on 


or, in the general case, 


y=¥ (neo) exp(——)] a 


n=0 a 


In the limit where the time interval between the step 
functions approaches zero, we can replace (Vn41—Yn) 
by (dy/dt) (dt), tn by t, and the summation sign by an 
integral. Thus we have 


Ui dy ERI 
y= —| 1-exp(- ) fw (6) 
=) dt T dl 


The amplitude of the receiver output y; can be 
found at any time f; by substituting the derivative of 
the receiver input into Eq. (6) and integrating. Equa- 
tion (6) is particularly useful for continuous input 
functions. It is applicable also to discontinuous func- 
tions, such as a sawtooth input, but some care is neces- 
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sary in its application. Equation (6) is the general 
expression we seek. 

Now we take a Gaussian input with a peak value of 
unity at /=0, 


y=exp(—?/20°) (7) 
and substitute its derivative into Eq. (6), appropriately 


‘changing the lower limit of Eq. (6) to —x. The 
| ea yields Eq. (8). 


j t=(ti/o—oa/T) 
3) (9) 
t=—~n» 


Xexp(—3F)di (8) 
|For numerical purposes, Eq. (8) may be rewritten as 
: 

yi= (2x7)* (0/7) exp(o?/27") exp(—ti/7)I, (9) 


t=(ti/o—o/7) 


exp(— $f )db. 


| 1 


| | ns 


The quantity J is the area under the-normal] distribution 
| within the indicated limits. 

From Eqs. (9) and (10) we can predict the amplitude 
reduction, time delay in reaching the peak, and the 
Heoadening of the output relative to the input, all of 
which can be expressed as functions of o/r. Figures 2, 
3, and 4 show these relations. Figure 2 shows the 
output amplitude as a function of o/7 for an input 
‘amplitude of unity; Fig. 3 shows the time delay in 
‘reaching the peak of the output function in units of the 
: ip constant, or At/r vs o/7; Fig. 4 shows the ratio 
‘of the output to input response widths R/Ro as a 
function of o/r. 
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\t RECEIVER WITH TIME CONSTANT =t 
— 

OF 4 
09 4 
os = 
o7 4 
o5 + 
O4b. | 

4 

0.3 4 
02 4 
4 

ol = 
te] 2h ae 4 ul : oe Cee | 

° ! 2 3 4 5 6 


‘ gost 
Fic. 3. Output time delay in reaching peak values At in units 
of the receiver time constant 7 as a function of ¢/7 for a Gaussian 
input. 
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THE RATIO OF OUTPUT RESPONSE 
WIDTH (R) TO INPUT GAUSSIAN 
RESPONSE WIDTH (Rp) FOR A 
GAUSSIAN FUNCTION PASSED 
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Fic. 4. Ratio of output to input response widths R/Ro as a 
function of «/7 for a Gaussian input. 


As an example, let us compute the three distortion 
parameters for the case where a 3’ arc Gaussian source 
at a declination of 60 deg is observed with a 6/0 arc 
Gaussian antenna beam at three times the sidereal 
rate with a receiver time constant of 10 sec. 

Now B=6/0 arc, S=3‘0 arc and hence, from Eq. 
(1), Ro=6!7 arc. The sidereal rate at the equator is 
0/25 arc per sec, and at a declination of 60 deg it will 
be one-half this amount. But if the scan rate is three 
times the sidereal rate, then (0/25 arc/sec)($)=0'375 
arc will pass through the beam each second. Therefore 
it takes 6/7 arc/(0!375 arc/sec) or 17.9 sec for one 
response width to be covered and ¢=17.9/2.355=7.6 
and ¢/r=0.76. From Figs. 2, 3, and 4 we find that, 
relative to a receiver with a negligible time constant, 
the output amplitude will be 71% as strong, the 
maximum output will be delayed by At/7r=0.62 or 6.2 
sec and the width of the output at half-intensity will be 
R/Ro=1.32 or 8/8 arc. 
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The Ratio of Total to Selective Absorption 


V. M. Branco anp C, J. LENNON 
Warner and Swasey Observatory, Case Institute of Technology 


(Received August 21, 1961) 


The ratio R of visual absorption to B— V color excess is computed for stars of various spectral types as a 
function of the total color excess. The results are summarized in Fig. 1. 


HE value of the ratio R of visual absorption to 

color excess in the B, V system has been the 
object of a number of semitheoretical studies in recent 
years (Blanco 1956, 1957; Rozis-Saulgeot 1956, 1960; 
Torondzhadse 1958 a, b; Schmidt 1956; Lindholm 1957; 
Canavaggia 1959; Wilson 1960). In these studies the 
value of R is usually computed from the equation 


R=Am,/(Amsp—Amy), (1) 
where 


ami=—25 tog f roaa(- Wap roa(-), (2) 


In Eq. (2), o; is the wavelength response-function of the 
ith telescope-filter-cell combination used in the ob- 
servation; / is the relative spectral intensity function; 
and +r" is the transmission of « units of interstellar 
material. The quantity 1/A, the wave number, is usually 
expressed in units of (microns) and is a measure of 
the spectral frequency. The ratio of absorption in B 
magnitude to B—V color excess equals R+1, where R 
is defined by Eq. (1). 
The value of + may be derived from the interstellar 
absorption curve as follows: 
7 (1/X) = 10m Gir)— ora oy 12-5. (3) 


where 6m(1/X) is the usual ordinate in the interstellar 
absorption curve and é6m(Q) is the value found by 


Ic. 1. Computed values of R according to spectral class. 
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extrapolating the curve to 1/A=0. The amount of 
interstellar material that yields the published value} 
of 6m used in computing 7 can be arbitrarily taken as 4 
unit amount of interstellar material. In this case v= 

Since the publication of the studies referred to above 
improved values for the functions ¢;, 7, and 7 hay 
become available. The functions ¢; in the (B, V) syste 
have been presented by Arp (1961), whose data include 
the effects of atmospheric extinction and two reflections 
from aluminized surfaces. The systematic errors that 
may be present in ¢; have been described by Code 
(1960), who points out that the effective wave number: 
derived from the response functions for the B, V filters. 


i.e, i 
1 ei 1 se il : 

-f eal en oa(-), @ 

Novi 0 ON nN 0 d r 


are probably correct, but that instrumental scattering 
during the determination of ¢; probably increases the 
area under the ¢; vs 1/A plot. This means that the 
actual bandwidths in the B, V measurements ar 
somewhat less than those obtained from the publishec 
functions ¢@g and ¢y. The amount of this error om 
tunately is not known at present. 

Relative monochromatic magnitudes m(1/\) cali 
brated on an absolute basis for a number of star 
ranging in spectral type from O9 to M2 have beet 
published by Code (1960). From Code’s data th 
function J required in Eq. (2) may be derived by mean: 
of 


T(1/d) = 10-™ A125, é 


Finally a new monochromatic interstellar absorptiot 
curve has been published by Whitford (1958), whos« 
latest results are in agreement with those of Mme. Divat 
(1954). 

These new data have been used to compute the valu 
of R. The computations were performed with th 
Burroughs 220 electronic computer of Case Institute’ 
Computing Center. The values of R were computed fo: 
the stars listed in Table 8 of Code’s study (1960) 
Values of « from 1 to 10 were used in the computations 
In the numerical integrations required in Eq. (2), step 
of 0.025 in 1/A were used. Simple linear interpolatior 
of the m(1/\) values listed by Code (1960) were als 
performed. The computed values for a number of repre 
sentative spectral classes are presented in Fig. 1 anc 
are labeled Reomp. The stars used were 10 Lac (O9 V) 
n UMa (B3 V), 6 Cyg (B9.5 III), a Lyr (AO V), p Gen 
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10, V), A Ser (GO V), 16 Cyg B (G4 V), 61 Cyg A 
15 V), a Tau (KS III), and @ Ori (M2 Ia). By varying 
n Eq. (2), expressions for R were derived for various 
'lues of the color excess. 

A number of features of Fig. 1 are worthy of comment. 
(1) R appears to change more with spectral type than 


‘ith total amount of reddening. For early type stars 


ere is a slight increase of R with total reddening while 

ir late-type stars R, surprisingly, decreases as the color 
scess increases. Among previously published com- 
atations of R, this decrease with increasing color 
«cess was shown to exist for a carbon star by Schmidt 
958). The effect, which is not expected in the first 
tder theory of R, has been shown to be theoretically 
ossible by Torondzhadse (1958a). 

(2) For early B stars R~3.2; according to Hiltner 
nd Johnson (1956), the observational value of R is 
.0-+0.2. In the present computations, an error ¢ in the 
alue of dm(Q) in the interstellar absorption curve will 
hange the values of R from those given by Eq. (1) to 


R= (Amy+xe)/(Amp—Amy). (6) 


t may be shown that in order for R to equal 3.0 for 
he B3 star 7 UMa, with x=1, an error e of —0.07 mag. 
; required in Whitford’s interstellar absorption curve. 
‘he error would tend to compress the ordinate in 
Vhitford’s (1958) plot. It is not possible, with the 
vailable data, to determine which value of R is prefer- 
ble. Perhaps the best we can do is to take an average 
gure of 3.1 for an early B star with little reddening. 
J] the values of R in Fig. 1 should then be lowered by 
bout 0.10. For convenient reference, values of R 
nowing this adjustment are also presented in Fig. 1 
nd are labeled Ragj- 

(3) In order to find out how sensitive R is to errors 
1 the functions ¢;, the observed ¢; were replaced by 
ormal error functions. Computations were made in 
hich the first and second moments were the same as 
1 the published functions,.as well as with the second 
loments about the mean reduced by 10 and 20%. 
elatively small changes in R were found in all these 
ses. Hence no appreciable readjustments in the 
alues plotted in Fig. 1 would be required if the 


LOSES SEL ECLIVE ABSORPTION 


525 


bandwidths of the filters were reduced by as much as 
20%. It appears that the systematic errors in ¢; 
suggested by Code (1960) do not seriously affect the 
present results, unless the errors are excessively large. 

(4) The effect of spectral lines in the computed values 
of Am; has been considered by Mme. Rozis-Saulgeot 
(1960). From the equivalent widths of spectral lines 
that fall within the B and V bandpaths, it is possible 
to modify the integrals in Eq. (2) to take into account 
the effects of these lines. Computations on a Lyr, which 
has the strongest lines among the early stars considered 
here, show that the value of R is not appreciably 
changed by this refinement. 

The present computations do not take into account 
the relationship between R and polarization. As shown 
by Wilson (1960), the interstellar absorption law, and 
hence the value of R, may depend on the ratio of 
polarization to color excess. So far, however, obser- 
vations have failed to show the differences in the 
absorption law that are expected from Wilson’s theo- 
retical considerations (Rodgers 1961). 
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Hypersensitization Gains in the Near Infrared 


N. SANDULEAK 
Warner and Swasey Observatory, Case Institute of Technology 


(Received September 13, 1961) 


The hypersensitization of the Kodak I-N emulsion with baths of plain water, triethanolamine, and 
ammonia was studied as part of a project aimed at increasing the effectiveness of objective prism detection 
of faint, cool stars. These agents were found to produce exposure gains of 2.1, 3.3, and 4.0, respectively, 
in the attainment of photographic density 0.6. The results apply to the spectral range of 6800 to 8800 A. 
They are valid for typical astronomical exposure times of 20 minutes to one hour. 


INTRODUCTION 


HOTOGRAPHIC emulsions can be hypersensitized 

by either chemical or physical mechanisms. In- 

cluded among the more common chemical hypersen- 

sitizers are ammonia, triethanolamine, and water. 

Physical techniques include preheating, supplementary 

pre- and post-exposures, and plate refrigeration during 
exposure. 

Although all of these methods have been known for 
some time, the available literature on hypersensitization 
is still sparse and generally devoid of detailed infor- 
mation. The Warner and Swasey Observatory has 
initiated a program to study these various techniques 
to determine which, when applied to the various emul- 
sion types, 1s most effective for the purposes of astro- 
nomical photography. This paper reports on a completed 
phase of this program, the effects of chemical hyper- 
sensitization upon the Eastman Kodak I-N emulsion. 
This emulsion is used extensively for astronomical 
studies involving the near infrared [see Kodak Photo- 
graphic Films and Plates for Scientific and Technical Use 
(Eastman Kodak Company, 1960), 8th ed. ]. Its speed, 
while adequate for many applications, necessitates 
excessively long exposure times in order to record very 
faint spectra. It is thus one of the most commonly 
hypersentitized emulsions used in the study of faint 
red stars. 

I-N plates were treated with the three chemical 
agents mentioned above. Variations in the technique of 
applying these agents were carried out in order to 
determine which darkroom procedures might maximize 
the gain in sensitivity. 


SENSITOMETRIC PROCEDURE 


All experiments were performed under controlled 
darkroom conditions, which ensured uniform tem- 
peratures, humidity, and development in Kodak D-19 
by the nitrogen burst process. An intensity-scale tube- 
sensitometer was used to impress upon each plate a 
sequence of extended images whose graduated densities 
defined the characteristic curve. The transmission of the 
images was measured photoelectrically, and from the 
transmissions, photographic densities were computed. 
Since the same exposures were given to both hyper- 
sensitized and untreated emulsions, the differences 
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observed in their characteristic curves could be uniquel 
attributed to the hypersensitization process. ef 
Each pair of comparison plates was drawn from thi 
same storage box to ensure a uniformity of original 
sensitivity. Typical astronomical exposure times of 
20 minutes to one hour were used with 30 minutes being) 
used in a majority of cases. Exact exposure times wer'| 
guaranteed by the use of an automatic timing device! 
The brilliance of the tungsten light source of the tub« 
sensitometer was adjusted so that for all exposures bot | 
the linear segment and the astronomically importani] 
toe of the characteristic curve would be well developed) 
A Wratten 89 filter, frequently used in conjunctior] 
with the LN emulsion in astronomical observations) 
provided a short wavelength cutoff at about 6800 a 
The other extreme of the spectral range, 8800 A, repre 
sents the point at which the sensitivity of the emulsion! 
fails. : I 
HYPERSENSITIZATION PROCEDURE pi 


The hypersensitizing procedure involved treating, 
the plates in two baths; bath A, the hypersensitizer,| 
and bath B, 99% isopropanol alcohol. The latter was: 
used as an aid in the drying of the plate. The tem- 
peratures of the baths are discussed further on. A 
high-speed blower apparatus was used to provide rapid 
drying. an 

The composition of bath A had the following, in- 
gredients : 


+ 


“a 
for ammonia: y 
250 cc distilled water, 
250 cc 99% isopropanol alcohol, 
20 cc Kodak Photoflo, 
x cc 28% ammonium hydroxide —\H,0H; 
for triethanolamine: 
500 cc distilled water 
20’cc Kodak Photoflo 
x cc triethanolamine — (CH,CH,OH)3N. 


The third method was simply a bath in distilled water. 
The volume concentration of the ammonia and tr- 
ethanolamine was varied with the expectation that the 
gain in sensitivity would be affected. Kodak Photoflo 
is a wetting agent which was added to ensure a uniform 
effect over the plate surface. 

The ammonia and triethanolamine solutions were 
always freshly prepared on the day of their usage. Since 
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Tan_e I. Effect of concentration (fresh plates). 


Concentration Gain (mag.) 


FY 
| 
f Ammonia 2% 1.0 
i AY te 
71% 1S 
Triethanolamine 0.1% ileal 
0.5% P'S) 
1.0% Nes) 
Water tee 0.8 


5 


® - 
a 


ij 

)is known that the increase in sensitivity through 
)persensitization is often only transitory, all plates 
‘re exposed within a few hours after treatment so as 
- avoid any decay of the gain. For best results these 
/'o procedures would be followed in actual practice. 
oth the temperature and duration of bath A were 
_ ried to see how the gain would be affected. 

' Most plates were given pre-exposure treatment, but 
"me experiments were made to test for a post-exposure 
fect commonly termed latensification. 


4 INTERPRETATION OF THE RESULTS 
i 


No attempt was made to determine the absolute 
‘nsitometer intensities since the measurement of the 
‘msitivity gain did not require such knowledge. Instead 
‘e have expressed the abscissae of our characteristic 
urves in astronomical magnitudes, with the brightest 
ensitometer source arbitrarily taken as the zero mag- 
itude. 

The displacement, in magnitudes, between the 
haracteristic curves at a common density of 0.6 was 
dopted as the most useful definition of the gain. This 
hoice was motivated by the criterion of Dunham 
1931). Two uses of the gain are possible. If the ex- 
osure is not limited by the light of the night sky (such 
is in slit spectroscopy), the gain can be used either to 
each fainter objects with the same exposure time or to 
ut the exposure time. If, as in objective prism spec- 
roscopy, the exposure is sky limited, the gain adds no 
lew information but only permits a shortened exposure 
ime. 

Although these sensitometric results are based on the 
yhotography of extended images, the work of I. I. 
sreido (1958) indicates that they are equally applicable 
o the photography of stellar images. 


OBSERVED GAINS 


The gain was found to depend upon a number of 
actors. First there is a dependence upon the light level. 
Phis is a consequence of the fact that hypersensitization 
las the effect of eliminating, to some degree, reciprocity 
ailure. Thus, in general, one expects the gain to increase 
or exposures made at very low light intensities. This 
vas shown in our results by a definite increase in the 
lisplacement between characteristic curves with dec- 
reasing intensity (see Fig. 1). Thus it must be empha- 


NGiken ker D HY PERSENSITT 1Z:A TION 


ya) 


A UNTREATED 
B WATER 
Cc \% TRIETHANOLAMINE 
10) 7% AMMONIA 
3.0] 30 MIN EXP. 


FRESH PLATES 


DENSITY 


3.0 20 1,0 (e} 
INTENSITY (MAG) 


Fic. 1. Characteristics of the three hypersensitizers. These curves 
are based on the typical gains observed at various densities. 


sized that the gains quoted are only valid for exposure 
times of 20 minutes to one hour. 

The gain is also affected by the concentration of the 
hypersensitizing solution: strongly in the case of 
ammonia, weakly in the case of triethanolamine. This 
is illustrated in Table I. The higher ammonia concen- 
trations (4% is usually recommended in the literature) 
are definitely advantageous for very long exposures at 
low intensities. A 7% ammonia solution appears to be 
the practical upper limit since beyond this point the 
chemical fogging becomes troublesome. For the same 
reason a 1% triethanolamine solution appears optimum. 

No correlation was found between the gain and the 
temperature of bath A over the range from 37° to 65°F. 
However some increase of chemical fogging with tem- 
perature was noted for the ammonia and triethanol- 
amine. Thus it is recommended that the temperature 
of both baths be kept as low as possible, preferably 
below 40°F. This will also serve to minimize the 
swelling of the emulsion during treatment and make 
drying easier. 

The duration of bath A does not seem to be critical. 
Durations up to six minutes were used without en- 
hancing the gain. A two- to three-minute immersion with 
continuous agitation is effective in all cases. 

Bath B was found to play a passive role in the hyper- 
sensitizing process. Its elimination does not affect the 
gain but only serves to protract the task of drying the 
plate. The duration of bath B is not critical; one to two 
minutes will suffice. 

Unexpectedly, the gain was found to depend upon 
the age of the emulsion when hypersensitized. As an 
emulsion endures prolonged storage it suffers a decline 
in sensitivity. Nevertheless, hypersensitized old emul- 
sions show nearly the same characteristic curve as 
hypersensitized fresh emulsions, given the same ex- 
posure. As a consequence of this rejuvenation process, 
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Taste II. Effect of age. 


Triethanolamine Ammonia 


Age Water (0.1%) (7%) 
1 month 0.8 mag. 1.1 mag. 1.5 mag. 
7 months mee 1.3 mag. Sup 
9 months 1.1 mag. oe 2.0 mag. 
14 months 1.6 mag. 1.7 mag. 2.2 mag. 


the effective gain for old plates is much larger than that 
for fresh plates (see Table IL). The results we have been 
quoting were obtained for fresh plates. Older or poorly 
stored plates will show larger gains. Researchers in this 
field should be aware of this phenomenon. 

A small latensification effect was found in the case 
of all three hypersensitizers. The gain is about 0.2 mag. 
and appears to be due solely to the washing action of 
the water. 

Lastly we mention another effect which might indeed 
produce inadvertent and unwanted hypersensitization. 
It was found that water vapor condensing upon a cold 
LN plate can cause gains from 0.4 to 0.6 mag. To avoid 
this spurious effect, one should always allow a refrig- 


THE ASTRONOMICAL JOURNAL 


SAIN DUIS Ark 


VOLUME 66, 


erated package of plates time to reach room tema 
before it is opened. , 

Figure 1 illustrates the relative capabilities of til 
three hypersensitizers. At a density of 0.6 the ammon}, 
(7%) holds a decided advantage over the triethano| 
amine (1%) which in turn is much more effective thal | 
water. They can be used to reduce exposure times bh} 
factors of 4, 3.3, and 2.1, respectively. It can be noted 
however, that at very low intensities ammonia and t | 
ethanolamine become equally effective, so either coul}. 


the contrast. 
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A Search for Stars of Low Luminosity 


G. VAN BIESBROECK 


Yerkes Observatory, Williams Bay, Wisconsin 
(Received July 13, 1961) 


Photographic searches with the 82-inch reflector in the neighborhood of about 650 stars of large proper 
motion have revealed that 12 of them have faint companions, and since their parallaxes are generally also a 
large these companions must be of intrinsically low luminosity. Seventeen new and generally faint stars of 
large proper motion were also discovered on the plates. Finding charts are provided. 


HORTLY after the inauguration of the MacDonald 
Observatory, a search for stars of low luminosity 
was started at the prime focus of the 82-inch reflector. 
To be visible, the lowest luminosity stars have to be 
nearby objects, which means that they will have appre- 
ciable proper motions. It is among the faint proper- 
motion stars that we can expect to find the stars of 
faintest absolute magnitude. The difficulty arises when, 
in order to pass from apparent to absolute brightness, 
we have to measure the parallaxes of these faint stars. 
These parallaxes are presumably large but up to now 
we have no telescopes that can measure parallaxes of 
very faint stars. 

There is however another approach to the problem: 
If a bright star of large proper motion had a fainter 
companion, physically connected as indicated by 
common proper motion, the absolute magnitude of 
this companion could be found from the known parallax 
of the bright star, no matter how faint the companion. 


It was in the hope of finding such faint companions 
that the above-mentioned program was undertaken. 
Since these faint stars will presumably be of late type. 
it was though best to use plates of the F-type emulsion 
A 10-minute exposure at the prime focus of the 82-inch 
reflector, so yields stars down to at least 18 mag. 
there was a chance of completing such a program in é 
reasonable time. 

All known stars with proper motion 075 or large 
were put on the list, plus'a few below that limit that 
were added occasionally. First-epoch plates were ob: 
tained for about 650 stars. A five-year interval wa: 
then sufficient before taking second-epoch plates, whick 
would show appreciable motions at the scale of 1 mm 
=25"4. The plates were compared in the Zeiss blink. 
comparator at the Yerkes Observatory. Table I list: 
the new companions discovered in this way. The mag 
nitudes are only rough estimates pending accurate 
determinations preferably in two colors. They are more 
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LOW-LUMINOSITY STARS 529 
TaBLe I. New companions to known p-stars. 
Mag. a (1950.0) 6 Epoch bu Companion to m Parallax Separation 
16 §'43"37581 —22°20/43"8 1951.03 0763 in 210° y Lep 0747 in 218° 07122 18'7 9200 au. ; 
15 Omani 4°31 33-7: 1951.03 0.82 170 Ross 413 0.80 166 ee OM aicie 
ie Ke) 743 46.16 —33 4151.2 1952.97 1.63 348 GC 10473 Ole OOS G e246 se 25100 
15 Dimoveeteoy. —o2 34 6.1  1952:15 1.05 319 GC 15873 1.06 320 0.099 1672 164 
15 11 44 9.13 —40 1326.1 1952.31 1.58 283 GC 16149 15/28 lee OR O92 ammo S ie: 280 
16 11 55 57.39 —41 3839.0 1951.10 0.79 251 CoD—41°6879 0.83 248 0.026 2370 880 
16 13 58 40.17 +47 5630.4 1953.05 0.69 246 Ross 1027 OF 69240 13% tee 
18 16 52 55.25 — 818 8.5 1944.23 1.17 223 Wolf 629-630 We) GRP NR Ae 1460 
14 18 33 59.14 +45 4251.1 1948.66 0.64 57 Fu 50+LFT 1421 0.56 54 0.079 112” 1420 
i! 8 19 14 31.88 + 5 453.1 1944.23 1.49 198 Wolf 1085=Ross 652 1.45 204 0.168 74” 440 
leto.5. 2054 5.47 — 5 2 0.8 1946.50 0.86 114 Ross 193 OF82 5105s 05059 1346 230 
toad 20 14°30.97 —14 610.8 1944.80 1.30 203 _GC 32412 29 ee 203en OL 024 elas 620 
4 
| Remarks: 


No. 10. Already mentioned in Astron. J. 51, 61 (1944). 
No. 11. Relative positions 1941.80 317° 1378 
1946.90 311 13.5. 

No. 12 Companion to ADS 16644. 
| 
»arly photovisual rather than photographic on account 
) the use of the F emulsion. The table lists the 1950.0 
‘jsitions, the epoch of the measure and the concluded 
 oper-motion. In the right-hand columns of the tables 
‘e listed the known proper-motion stars on which the 


“ates were centered, and their motion, also the angular 


| Fic. 1. Finding charts. Field 


No, 7. The motion of Ross 1027 was measured on the same plates. This value differs much from Ross’ figure 1745 in 232°. 


separation between star and companion, which is trans- 
formed to astronomical units in the last column unless 
the parallax is not yet available. 

Since the publication of Luyten’s LFT Catalogue the 
program was extended to include these stars, but not 
all of the first-epoch plates were obtained. On account 
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530 Gy VAWN TE TES BRO rik 
TaBLeE II. New proper-motion stars. | 

No. Mag. a (1950.0) 6 Epoch bu In field of | 
1S, 15 0853™18:02 —11°54/12"3 1948.75 0738 in 45° LT 96—10 
14* WAZ 1 50 21.86 —10 49 6.8 1948.75 0.35 10 R 555 
15 15 Si25 Som. — 3 2948.3 1951.03 0.50 106 BD—3°1110 
16 14 645 41.43 +37 1132.5 1952.30 1.64 171 Hertzs. 3=LFT 487} 
17 15 7 31 33.70 —42 42 35.2 1951.10 Ose ator LF 533 
18 17 10 54 25.92 +42 1412.6 1950.37 0.36 216 Fu 29 
19* 18 11 13 29.48 + 8 1420.4 1951.03 0.34 151 W 373 
20* 11 11 14 35.00 +17 4552.4 1951.09 0.31 264 LFT 789 1 
21 14 12) 20)55.06 +69 2118.8 1961.02 0.30 264 R 689=LFT 880 | 
22 1555 13 34 28.08 Se feo. Hf UL 1946.57 0.37 93 R 491 
23 15 14 48 11.14 ape ae) EY 1948.66 05530 e216 Karpov 12= LET tf 
24* 1112 15 38 16.76 +43 39 32.1 1951.09 1296 104 
25 14 16 43 56.36 Oo S21. On3 1948 . 66 0.46 216 BD 33°27 a 
26 14 16 52 31.83 — 8 235.0 1944.73 0:64 199 BD—8°4352= Wi 
27 15 18 24 18.43 +72 39 46.4 -1948.66 0.47 3 x Draconis 
28 15 18 40 —5.94 = axe bay AY Le 1951.83 0-32 | 206 R 145 
29* 13 21 26 10.14 +54 5217.2 1951.84 0.53 55 R 198 4 

Remarks: 


No. 14. Relative position 24°, 26’, 
No. 19. 2'5 SW of W373. 
No. 20 is Par. ph. 18°, 11512™, No. 31. 


No. 24. Relative position: 1956.91 143°9 516 5n (Publ. Yerkes Obs. 9, pt. 2, 72). 
No. 29, 13’ distant from R 198, whose motion was measured as 0"34 in 52°. 


The position of L 1750-1Z =LFT 481 was corrected as follows: 
6539™53877 = +51°12'8"3 1948.76 0784 in 175°. 

The relative position of the two components of LFT 510 
75258305 —38°31'20"S5 1946.00 
1946.00 269°0 3%40. 

Corrected position of LFT 533 
7632™0872 =—42°47'55"0 


(1951.10) 0%64 in 4°. 


1%21 in 101° was-mneasured as follows: 


The direction of the motion of LFT 789 is given in the wrong quadrant: | 


11515™7308 +17°32'/22"9 (1951.09) 090 in 163°. 
of the pressure for time with the 82-inch reflector this 
part of the program had to be discontinued. 

In the course of the search a number of unlisted 
proper-motion stars, which are not companions of the 
stars on which the plates were centered, were noticed 
also.. They are listed in Table II, and it will be seen 
that there are among these some very faint objects 
which may be of interest especially now that the new 
60-inch reflector under construction for the Naval 
Observatory at Flagstaff will make it possible to obtain 
accurate parallaxes for those stars. 


( 

The asterisks attached to the star numbers refer | 

the remarks following the tables. The finding char 

herewith will help in locating the object (Fig. 1 

They represent fields of 20’ 20’. The fainter stars a 

only added in the vicinity of the proper-motion sta 
North is toward the bottom. 
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a the paper “Problems in meridian astronomy” by 
ran Herk and A. J. J. van Woerkom (1961) my paper 
oposal for a photoelectric meridian circle .. .” 
60) is mentioned. The authors suspect that random 
tuations in the extinction may introduce serious 
ors in the transit times measured with the proposed 
jtoelectric micrometer. Analysis of this source of 
dr is given here with more details than in my paper, 
i confirming its conclusion that the error is negligible. 
- [he photoelectric micrometer contains in the focal 
‘ne a fixed grid consisting of a number of parallel 
's perpendicular to the motion of the star image. The 
ot passing through the grid falls on a photomultiplier 
anected to a pulsecounter. Every 100 msec (given by 
‘quartz clock) during the transit the instantaneous 
lication of this counter is registered on punched 
‘be. The transit time for every slit of the grid can later 
derived from the tape by a computer. 

‘The heavy line in Fig. 1 shows the indication g of the 
junter as a function of time ¢. The horizontal parts 
trespond to the star behind the bars of the grid and 
e inclining parts to the starlight passing through a 
lt. We have supposed a slitwidth s of 0.67 sec equal 
| 10” at the celestial equator. The drawing is simplified 
ace we here only want to evaluate the error from the 
intillation. 

|The time corresponding to halfway between two 
’bmsecutive horizontal parts in the figure is the transit 
‘me for the middle of the slit; it can be found for each 
it separately. Deriving this time we suppose that the 
itensity of the star remained constant during the 
tamsit of the slit (the heavy line in Fig. 1). Due to 
cintillation this is not true> If the mean intensity 
luring transit of the left half of the slit is zo+7, and 
luring transit of the right half of the slit is 79+» (the 
yroken line in Fig. 1) the error in the transit time 
lerived is 


AY 1g— 1, : 2 
At=- for i;<K% and 12<<io, (1) 
2 20 
ziving a mean error of 
S Ci2z—11 
oe (2) 
2) 280 


The intensity i(¢) of the star as a function of time can 
be written as a sum of sine frequencies with the fre- 
quencies v, the phases ¢,, and the amplitudes 1,: 


i(t,v,¢.)=tot+>., i, sin(2rvt+ ¢,). 


rr 
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NOTES AND OBSERVATIONS 


Note to “Problems in Meridian Astronomy”’ 


Random fluctuations in extinction are shown not to introduce serious errors in transit times measured 
photoelectrically by the method proposed for the Hamburg Observatory. 


For one frequency and one phase we have 


2 
imme f 
So 


We compute the mean error by a new integration over 
the phase and substitute this in (2). If we introduce 
the sine-wave modulation M= (2/z)(i,/io) we obtain 
the mean error caused by one frequency 


M TS 
sint(“r). 

2v2p 2 
Mikesell (1955) has measured the equivalent sine- 
wave modulation of the scintillation per unit bandwidth 
for v=0.1 cps. His measurements show that M=0.03 
is a typical value for zenith for a 4-inch aperture and 
for the frequency interval here in question. Figure 2 
shows o/?(v) for M=0.03 and s=0.67 sec. We see that 
most of the error is caused by scintillation frequencies 
in the interval from 0.5 to 2.0 cps. When M is a constant 
and when the frequencies are uncorrelated we obtain a 

total mean error for all frequencies 


Mr f- 
oe f cedr=|—s], 
0 8 


where 95% of the value come from »<3. M=0.03 and 
s=0°67 give o,=080096=0714. This mean error is 
negligible compared with the expected mean error of 
at least 03 from the stellar unsteadiness (seeing). 
Even with only 15 slits of 10’’ width corresponding to 
20 sec observing time the scintillation causes a mean 
error of 0704/(15)?=0"04. In the planned realization 
of the photoelectric micrometer we intend to observe 
60 sec and to use slits 5” wide, we can therefore expect 
that the scintillation gives a mean error of about 
07016. 


3/2 


2 8 
i(t,v, e,)dt—— f 4(t,v, v,)dt. 
5 v 8/2 


oi(v)= 


ins} 


1 2.0) © Seo 


_ Fic. 1. A simplified example of the counter indication (i.e., the 
integral of the light passed through the grid) as a function of 
time. The error caused by the scintillation is Af. 


Seal 
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oj7(0)= -{5 aes 80% go) : 


for M=0.03 and s=0°67 


Total mean error for one slit 
is = Mn WS = 0°0096 = 0°14 


Fic. 2. Contribution to the square of the mean error of the 
transit time from the different frequencies of scintillation if the 
sine-wave modulation is assumed to be the same for all fre- 
quencies. The total mean error is found as the integral of this 
function. 


It is planned to test the proposed photoelectric 


micrometer in Hamburg and its construction will most 
probably start in June this year. I should like to mention 
the main advantages of the micrometer: A fixed grid 


| 
van Herk, Gand van Woerkom, A. J. J. 1961, Astron. J. 66, | 


easily carried out by a digital computer. A high accur 
is given since the atmospheric disturbances are elix 
nated in a perfect way. 
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